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JOHN EARL OP 
S AN DW I CH. 
&c. & C. &c. 
FIRST COMMISSIONER 
OF THE 
Boards of Admiralty and Longitude. 


MY LORD, 
w HILE the public voice is unanimous in applaud- 


ing your humanity toward the Artificers, in general, of 
His Majeſty's Dock Yards, and your attention to reſtore 
the Royal Navy of Britain to the reſpectable ſtate from 


which it had been ſaffered to decline ſince the laſt 
War, Philoſophers not only admire theſe noble acts, 
but likewiſe, your generous encouragement to improve 
Geographical, Nautical, and Natural Knowledge. 


A 2 Such 
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such exertions of your Lordfhi p's extraordinary” 


Mental and Official Abilities, will undoubted] y be tranſ- 


mitted with honour to the lateſt poſterity : and your 
laudable example muſt inſpire a regard for Works in- 
tended to Pee 150 utility. | 


T he Author of The Elements of Nevizeths, vot- 
withſtanding the favourable reception which the former 
impreſſions have met with from Britiſh Mariners, thinks 


himſelf extremely happy that this improved Edition is 
permitted to appear under your Lordſhip's Patronage. 

That you may long enjoy the Opportunity as well as 
Inclination of promoting uſetul Arts and Learning, is a 


hope ſincerely entertained by, 


My Loxp, 
Your Loxpsufr 8. 
moſt obedient 


and humble Servant, 


1 


Nor. , ie. Jobn Robertſon, 
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TO THE-: 


RIGHT WORSHIPFUL . 


Sir ROBERT LADBROKE, Kant. Alderman, 


PRESIDENT; 


THE 


| Worſhipful T HOMAS BURFOOT, Eſq. 
| TREASURER; 


| And the Reſt of the 
© WORSHIPFUL GOVERNORS 
Clirift's Hoſpital, London! 


This Book, containing the Elements of Navigation, 
and a Treatiſe on Marine Fortification, fir pub- 

| liſhed for the Uſe of the Children in the Royal Ma- 
thematical School, when they were under my Care, 


is, as a grateful acknowledgement for paſt favours, 
widrefled by 


Your WO RS HIPS' moſt humble Servant, 


Nor. . 1772. John Robertſon. 


ADVERTISEMENT, 


IN this Edition, the Editor has carefully e the errors 
which had crept into the former, and computed new Tables of 


the Sun's Declination, Book V. Art. 308, 309, and 310. He 


has alſo reviſed, as far as his materials extended, the Geogra- 
phical Table, and added the names of ſuch places as his own 
obſervations, or thoſe of other perſons, have furniſhed him 
with; ſo that he flatters himſelf it is the moſt extenſive and 


correct of any extant. On the whole, he preſumes, this Edition 


will be found as worthy of the approbation of the public in 
general, and of ſeamen in particular, as thoſe which were | 


printed anger the RUE 8 inſpection. 


*. 


vor. II. 9. 355» __ of 1509, for, 17860 read, 17869. 

P. 356, log. of 1653, fer, 21807 read, 21825. 

5. 359, log. of 3403, fer, 53180 read, 53186, 
7. 371, at ze 3, read, in the ſine, 8, 8568. 
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IT having been part of my employment far many years paſt, 70 % rud 
youth in the theoretical and practical parts of Navigation, I was naturally 


Jed to draw up rules and examples fitted to the years and capacity of the 
ſcholar : ſome of the precepts, from time to time were altered, according as ! 


had obſerved how they were comprehended by the majority of my pupils; until 
at length I had put together a ſet of materials, which I found ſufficient for 
teaching this Art. 8 eee OWE | 

pon my being intruſted by the governors of Chriſt's Hoſpital (in the he- 
ginning ef the year 1748) with the care of the Royal Mathematical School 


there, founded by King Charles the Second, I had a great opportunity br -- 
experiencing the method I had before uſed; and finding it fully anſwered my 
expectation, I determined to print it for the uſe of that ſchool: but as thoſe 


children are to be inſtructed in the mathematical ſciences, on which the art of 
Navigation is founded, I judged it proper, on their accaunt, to introduce the 
ſabjefts of Arithmetic, Geometry, Trigonometry, &c. for which reaſon, this 
treatiſe is diſtinguiſbod by the title of Elements of Navigation. | 


After my appointment (in the year 1755) to be head maſter of the Raya 


Marine Academy at Portſmouth, founded by King George the Second, I alſs 


found that this book was ſufficiently intellizivle to beginners of midaling ca- 
pacities; and therefore, in the ſecond edition, in the year 1764, the manner 


ii whiclf it was firſt compeſed was continued, except the removing of the book 


of. Aſtronomy, from being the 8th, into the place of the 5th; thereby the 
books of Plane Sailing, Globular Sailing, and Days Works, which together 


: nearly comprehend the art of Navigation, fallow in ſucceſſion. There were 


indeed Jome variations in the modes of expreſſion in a few places; but the 
additions in every book were made rather to extend the notions of learners, 


than to ſupply any deficiency wanting in the furmer edition, except ſome 4 
the additions in the gth bool, which were not ſo well known at the time of the 


firſt impreſſn. 


The work is divided into ten parts or books, each being a diſtind treatiſe ; 
the preceding ones contain the neceſſary elements which are wanted in thoſe 


that follow, The demonſtration of the ſeveral propoſitions are given as con- 


ifely as I could contriue, to carry with them a ſufficient degree of evidence : 
hroughout the whole of the elementary parts, brevity and perſpicuity were 
confidered ; but the practical parts are more fully treated on, and intended to 


irxclude every uſeful particular, worthy of the mariner's notice. 


In the elementary parts, where it is not eaſy to introduce new matter, there 


doll be found the common principles treated in a manner, which, it is appre- 


tended, is better adapted to beginners; and ſuch new lights thrown on ſe- 
veral particulars, as will render them more obvious than in the view wherein 
they have been commonty ſeen. 


The treatiſe of Fortification annexed, is the reſult of many. years applica- 


tien; and is delivered in a very different mode from what other writers 


have 
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have taken; fer, among the multitude which 1 have ſeen, they generally 
begin with the fortiſj ing of a town, the moſt difficult part of the art, and 
end with Yborks the moſt eaſy to contrive and executes Herein the works 
of the ſimpleſt conſtruction are begun with, and the learner gradually ad- 
vanced to the fortifying of a town : Indeed the limits choſen for this tract 
Habe cauſed; ſome. articles to be briefly mentioned, and others to be totally 
emitted; nevertheleſs, it is conceived that, in its preſent fate, it may be 
of. conſiderable uſe to Marine Officers, and even furniſh ſome hints not altogether 
untuorthy the natice of the Gentlemen of the Army, © 9» 
The Maritime parts of theſe Elements, contained in the vii, viiitd, and 
ix books, are all delivered in a manner ſomewhat different from what is 
. feen in other writers; who, for the moſt part, copying from one another, 
| have not much contributed toward: perfecting the art of Navigation; the 
- whiters indeed. have been mam but the improvers have been very few ; 
"Wright, Norwood, and Halley having \ done the. maſt of what Has been diſ- 4 
” Fcevered ſince a little before the beginning of the 17th century: However, in 7 
the method here taken, it is apprehended that the proper judges will find ſom“ 
Few improvements, at well in the art itſelf as in the manner of communicating 
i 40 lerne. N G . Ne, e e eee 
be common treatiſes of Navigation, which, on account of their ſmall Bult 
and eaſy price, are vended among the Britiſh Mariners, ſeem not to be written 
with an lutention to excite in their readers a deſire to purſue the Sciences, 
farther, than they are handled in thoje bobs; ſo that it is no wonder tur ſea- 
men in general had ſo little mathematical knowltedoe; for the perſon who 
could keep a trite gr pa on the maſt eaſy occurrences, has been reck= 
oned a good artiſt; but whenever thoſe eccurrences have not happened, the 
jaurnaliſt has been at. à loſs, and unable to find the ſhip's place with. any 
tolerable degree of preciſion 5 and ſuch accidents have probably contributed 
to the diftreſs which many ſhips crews haut expertenced, and which a lit- 
tle. more knowledge among them might have prevented, or at leaſt have leſ= 
.,.“! ⁵ ⅛ðVd i 0 eh THe. DTT nt OY As 
About the middle of the x6th century, Navigation began to be conſidered 
as an art, ina great meaſure dependent on the Mathematical ſciences; and 
en ſuch a plan has it been cultfuated by the labours of the mo judi- 
cizus, who have applied themſelves totvard its perfection; and although. 
the art has been enriched by the obſervations f 2 learned men in dif- 
ferent nations, yet it bas ſo happened, that the chief of the improvements, 
and particularly the mathematical ones , were firſt publiſhed in Britain. 
Into this work are collected maſt, not all, of the uſeful and curious par- 
| ticulars relating to the art of Navigation; there are alſo interſperſed hiſ- 
toricel remarks of inventions, with the names of many eminent men, and 
their works 3 theſe were intended as incentives t9 inſpire learners and our 
ſeamen with a deſire not only of knowing the things herein treated of from 
their foundations, but of puſhing their inquiries into ſuch other parts of 
the ſciences 'as may procure to themſelves pleaſure, profit, and reſpect, and 
; | render 


; x 
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„50 dee the following Diſſertations. 
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render them more uſeful to their country by the till reſulting from ſuch ac- 
quiſitions. | SO, 


Aly enquiries into theſe matters, induced the late learned Dr. James Wil- 
ſon to review and complete his ebſervations on the ſame ſubjeft, and produced 
His Diſſertation en the Hiſtory of the Art of Navigation; which he was 
pleaſed to give me leave to publiſh with the ſecond edition of this work. 
There are few perſons, however knowing and careful, who may not. commit, 
and overlook, inadvertencies in their own compoſitions, which may be diſcovered 
by others: therefore, at my requeſt, the greateſt part of the manuſcript for the 
firft edition was read and examined by ttyo of my friends *, well acquainted 
_ with the theory and practice of Navigation ; who, by their judicious obſerva- 
tions, enabled me to improve ſeveral articles: Some part of the additions ta the 
ſecond Edition, received much elegance and perſpicuity through the friendly ad- 
vice and communications of the late learned Dr. Henry Pemberton, F. R. S. 


The ſecond Edition of theſe Elements having alſo been well received. by the 
Public; Dr. Wilſon took the pains to reviſe his Diſſertation, which he im- 
proved in many particulars: And I have alſo endeavoured to retain their fa- 
vourable opinions of my labours, by giving Compendiums for performing the 

operations of the new methods of finding the latitude and longitude of a ſhip at 
-ſea; and ſome other alterations and additions which I conceived wauld renden 
this third Edition more generally uſeful. n N 


Nov. 1. 1772. 


_ - * . 
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William Mountaine, Eſq. F. R. 8. and Mr, William Payne 
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Els treatiſe in two volumes contains ten books; each is divided 
into ſeveral ſections, and numbered with the Roman numerals. .. 
Ihe particular articles are numbered by the common figures, each 
book beginnjag with the number 17. 3 EPL 
Ibe references made from one article of the treatiſe to another is of 
Vir. When in the fame book. Then the number of the article re- 
ferred to, is put in a parenthefts. Thus (27), refers to the article num- 
| bered 27 in the fame book. n F | by 
Second. When in another book. Then the number of the book in 
Roman figures, and of the article in common figures, is put in a paren- 

theſts. Thus (II. 160) refers to the 160th article of the ſecond. book. 
In the following contents, the ſections refer to the number of the page: 

the particulars to the number of the article. 


Vol, I. BOOK I. ARITHMETICK. 
From Page 1 to Page 42. 4 
Scrion I. Definitions and Prin- | ders-. 5 p-. 44 ; 
| — 7, p. 1| The Rule of Three N ; 
Nitation, numeration, and fractions A colleftinn of 26 queſtions 1 
articles 1 to 21 SECTION VIII. Of powers and 
Signs, and tables of coin, weights, roots „F 
e 155 22, 23 To raiſe numbers to a propoſed 
SEcT10N II. Addition pi. ood art, 49 
| Of ꝛobole numbers and fractions 24| To extraft the ſquare rat 54 
SECTION III. Subtraction p. 8| To extract the cube rot 56 
Of whole numbers and fratlions 26 SECTION IX. Of numeral ſeries _ 
a e . ahi 
Sub traction 2097 Of arithmetic progreſſion art. 59 
SECTION IV. Multiplication p. 10 Of geometric e e - th 
Aultiplicatian table. + art. 29 Some properties of ſuch progreſſi- _ 
 Atultiphication of whole numbers onal numbers from art. 62 to 67 
dad fraclionss art. 30} Four problems in progreſſions ,. 
_ SkcTION V. Diuiſian p. 12 3 68 to 71 
Of whole numbers and fractions 31 SECTIoN X. Of logarithms p. 24 a 
SECTION VI. Reduction p. 14 Of the nature of logarithms 73 
Of ſeveral names to ane name 35 To make logarithns 7 
inferior name to fup. name 36 Of tbe al of logarithms 95 
Tulgar fi adlions io decimals 38 Of the indices of logaritm 83 
I Tuferior names to a decimal 40 Multiplication by logarithms 8 
To value decimal fractions 42 Diviſion by logatithms 86 
Pragtical 755 4343 Of proportion by logarithms © oy 93 
SECTIGN VIE. Of proportion p. 20 Of the arith. comp. of logarithms 
Of te nature Proportional num- 5 Of powers and roots by logarithms. 89 
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Ss ron 1. Defrnitions and Prin- 


ciples P- 43 
Definitions art. 1 to 42 
Poſtulates ag 

Axioms 
Secr. II. e Problems p. 48 
Of right lined figures 55 to 69 
3 the circle 70 to 74 
F proportional lines 75 to 80 


Seals of equal parts and chords 
81 to 84 
Of polyzons . | 85 
| Section III. Geom. Theorems p. 58 
Of lines and triangles art. 91 to 106 
f POR and the circle 
107 to 137 


FOUR II. PLANE 


SgcTION . Definitions and Prin- 
„ p. 89 
Definitions art. 1 to 16 


SgcCT ION II. Triangular canon p. 92 
Conftr uftion of the plane ſcale art. 17 
60 4 Vb 


ines above 60 degrees 29 
9 the relation of tangents, &c. 31 

0 compute the fines __ 38 © 

of the tables of fi iner, tangents, | 

He. 30 

3 III. Solution of triangles p. 100 

oppoſite ſides and angles art. 45 

E des and included right an- , 
4 


| E xemplifications 


BOOK Il. GEOMETRY. 
From Page 43 to Page 88. 


[SECTION IV. Of Proportion p. 58 
Definitions and Principles 138 to 147 
General Properties 148 to 164 
In ſimilar triangles 163 
In the circle and: regular polygons 169 
Duadrature of the circle | 

SECT. V. Of planes and ſolids p 82 
Definitions and Priveipll; art. 190 | 


Properties of cutting planes 209 
Section of pyramids and cones 211 
SECTION VI. Of the ſpiral p. 86 
95 the common ſpiral art. 221 
25 the proportional ſpiral ". 223 
ogarithmic „ 226 
Of . r 229 


TRIGONOMETRY. 5 


From Page 89 to Page 124. 
x | Synopſis of the rules 


art, $2. 


Twelve numeral examples 53 to 64 

SECTION IV. Of the Gunter's 
baſs + - p. 114 
＋ natural and logarithmic ſcales _ 

| art. 65, 66, 67 
68 


Of the ine of numbers 


o the line of fines 3 bg: 
f tangents and 275 ines 70, 7 : 
ya of their . 


srer. V. Uſe of Gunter's ſcale p. 118 | 
Precepts Art. 76 0 7 


79 to 86 
SecTION VI. Properties of plane 


. wo / 7 des and included oblique an- triangles 2812 
1 gle 48] In obligue angled triangles art. 88 
4 5 three fides 49 501 Rules for finding an angle 90 to 98 
15 > EY BOOK IV. OF SPHERICS. 


Secion I. Principles. 
Definitions WRT, 
Axioms 


SECT ell Stereographic propo- 


Pp. 125 
| art, I, 
I6 


p. 128 


From Page 125 to Page 193. 


Sect. III. Spheric Geometry p. 1 35 
The conſtruction and demonſtration 

of 37 caſes art. 60 to 81 
seen IV. Spheric Trigonome- 


P» 145 
Art. 82 


Princival properties art, 30 to 591 


Dq tions and Principles 
SE CTION 


elk SECTION V. F: cots Theorems | 


CONT 


F. 149], 

Fifteen pro efitions art:\ 9 to 110 
8 SCTION Solutions of 7 riglt 
Langleul f berie e p. 152 

By two new rules Art, IX1 


By Napiet's general rule 119 
Ster ton VII. Solution of obligue 
"angled ſpheric triangles p. 157 
th a perpendicular 120 to 124 
Given three - fades or three angles 125 


; ee 7s of r right angled ſpher. 127 


Synopſes of ob{que angled ſpber. 144 
522770 0 ll Cunſtruction and 


calculation of the caſes of right 
"angled ſpheric triangles 6 

Numeral examples. art. 156 to 161 
Exam. F a guadrantal triangle 162 


„ 


SecrION IX. cunſiruion and 
calculation the caſes of oblique | 
" angled ſpheric triangles p. 17 . 

Numeral examples art, 163 to 16 
SECTION X. Gontometric lines p. 179 
Properties deduced art. 169 
Table of gonoimetric Vel ont | 
171 to 210 

Va ariety of. theorems 211 to 224 

Relation between the ſides and an- 
ges of ſpheric triangles 225 to 236 
Rules when two ſides and the in- 
cluded angle are known, to find 
the other angles 237 


| Rules when three fades are known 254 


To find the natural ſines of given 
arcs; and the contrary 259, 2 57 


3 th BOOK v. ASTRONOMY, g 


From Page 195 to Page 328. 


SECTION I. Solar Aſtronomy p-. 195 
Of the Solar Syſtem _ art, I 
Number of conſlellatious and ſtars 6 
Primary and ſecondary planets 12 
Annual and diurnal motions 7 
Planets orbits and nodes 
Elliptic orbits of the planets 


Lepler laws © MN. 
Cojunftions and of poſt tions 324 
Table of the folar ſyſtem 37 

i 05 the Jecondary planets 38 

the figure of the planets 40 


Ssgries II. Terrefirial Aſtronomy 
| pe · 204 
Of th; diret?  Hathmary, and re- 
trograde appearances art. 45 
Phenomena of the inferior planets 40 


Phenomena of the ſuperior planets 49 


Apparent motions of the Sun 50]. 
Obliguity of the ecliptic 55 
5 735 the different ſeaſons 1 
Riſing and ſetting of flars 65 
Of parallaxes .-: + 
The meaſure of the Earth. | 73 
Of the Moon | ff . 74 
Of felar and lunar eclipſes 79 
SECTION III. Hronum of the 
Hoher. "IH p· 214] 
Definitions and Fee pl art. 89 
of eftronomical tables -F32| 


24 


To convert time into degrees, and 
degrees into tim p. 133 
Of the culminating of the fall 134 
SECTION IV. Of the projection . + 
the ſphere” Tots 
Fiur pi vjections on the four prin- 
cipal circles G art. 135 
Sec. V. Problems of the ſpherep. 225 
T he corſiruftion and nume al ſo- 
lution of 22 problems 139 to 169 
SECT. VI. To find the latitude p. 242 
' Stercographic 'ſelution of fifteen * 
. preblems of latitude 
Pour, teen other. problems for ſind- 


p. 221 


; Pp 184 


ing the latitule 185 to 203. 
Nenag eſimal degree 204 
SECTION VII. Practical Aſtrono- 
ny 8 = p. 268 
Of aftr onomical: tt art. 205 
Of the Tal ehe 207 
Of the Micrometer 208 
/ the Quadrant 209 
Of the Ty anfit Inflrument 210 
97 the Aftronoz: ical Scftor 212 
Or, the equal altitude inflrument 21, 2 
21 


To adjuſt the. cluck, . 3 
Of:the change inthe S un”s 4 : 

tron 0 
Of Vernier“ 5 *s drviding plate 


SECTION 
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Scr. IX, Equation of time 


1 Srorio J. Definitions and print 


S ON T 


_ BgcTION VIII. -Flements of the 


Earth's mation p-. 280 
Of mean motion and anomaly art. 222 
Of the different years --.. 229 
Twelve problems relating to the 

Earth's motion 234 to 255 
p. 291 
te & Men and equatorial day 

art. 261 


BOOK VI. 


E N T; 8. 


Of mean and apparent time p. 263 
To calculate the equatian time 208 
Srot. X. To make ſolar e. 293 
Fer finding the Sun's place 5 
art. 269 to 280 
07 Of declinat. and right cen. to 289 
Eguation of time 290 
Nineteen afironomical tables 301 to 


319 


GEOGRAPHY, &c, 


From Page 329 to: Page 400. 


ciples 


5 p. 329 
Of poles and circles © 
1 


"ue 3 
latitude and e 6, 9 
of the Earth by zones 13 
A the Earth' by climates 17 
1 CES, uit of 


p. 332 


viſion 
Diviſion 
SEbrIO& 
the Earth 
Definitions art. 18 to 31 
Of continents and oceans 32, 33 
SECTION III., Of the political di- 
Di ſion of the . 334 


SECTION III. Plane ſailing 
Definitions and Principles | 
art, 13 to 21 


p. 6 


Rules for conſtructions 22 
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DISSERTATION 


OF THE 


Modern ART or NAVIGATION. 


T has been much diſputed to — the world was obliged for the 
mariner's compaſs. A late Italian writer indeed contends, after 
many * that the honour of the invention is due to Flavia Giga of 


Amalſi in Campania, who lived about the beginning of the 14th cen- 
tury +, though others ſay it came from the Eaſt, and was earlier known. 


in Europe . However that may be, it is certain, this wonderful diſ- 
covery gave riſe to the preſent art of navigation; which ſeems to have 


made ſome progreſs during the Voyages that were begun in the year 


1420, by Henry Duke of 7 eo ]. This learned Prince, brother to Ed- 
ward King of Portugal, was particularly knowing in coſmography, and 


ſent for one maſter James from the iſland of Majorca, to teach naviga- 
tion, and make inſtruments and charts for the ſea 8. 


Theſe voyages being greatly extended, the art was improved under 
the ſucceeding monarchs of that nation. For Raderic and Foſeph, phy- 


ficians to King John the Second, together with one Martin de Bohemia, 
a Portugueſe native of the iſland of Fayal, ſcholar to Regiomontanus, about 


the year 1485, calculated tables of the Sun's declination, for the uſe of 


the ſailors, and recommended the eke for taking obſervations at 
ſea N. | 


The famous Chriſtopher Columbus is ſ. id, before he mt the diſ- 


eovery of America, to have conſulted Martin de Bohemia, with others, 
and during che courſe of his voyage to have inſtructed the Spaniards in 


a cond : — "_ kad _ 


© Suitable to that verſe of Pannermitana, 
Prima dedit nautis uſum magneti Amalphis. | 
+ See Signor Gregorio Grimaldi's Diſſertation on this ſabject i in i the Memoir: 


» of the Etruſcan Academy of Cortona, tom. iii. p. 193. printed at Rome in 
7 


Hiiſtvire des Mathematiques, par M. Montecla, 4 a Paris, 1758. 


1 Mariane Hiſt. Hiiſpan. lib. xx. cap. 11. and lib, xxvi. cap. 17. Meguntice, 
05. 


| F Decados d- Afia par J. di Barros, . bi in 562, 
<4 Mage Hiſtor. Indic. lib. i. p. 6. printed at F farence 1 in 1 583. 
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navigation *; for the improvement of which art, the Emperor Charles the 


Fifth afterward founded a lecture at Seville +. 


The variation of the ſea- compaſs could not be long a ſecret. Columbus, 


on the 14th of September 1492, obſerved it, as his ſon Ferdinand aflerts t, 
though others ſeem to attribute that diſcovery to Seba/tion Cabot |, And 
as this variation differs in different places, Gonzales dq Oviedi found there 
was none at the Azores &; where ſome geographers have thought fit in 
their maps to make their firſt meridian to paſs through one of thoſe iflands z 
it not being then known, that the variation altered in time. 20 
The uſe of the Crofs-Staf7 now began to be introduced amongſt the 
ſailors. This very ancient inſtrument being deſcribed by 70% Merner 
of Nuremberg, in his Annotations on the firſt book of Pto/emy's Geography, 
printed in 1514; he recommends it for obſerving the diſtance between 
the Moon and ſome ſtar, in order thence to determine the longitude, 


Merner ſeems to have been the greateſt geometer, as well as aſtronomer, 
of the time. In 1522, he publithed a tract q, containing a ſpecimen of 


the conics, with ſome folid problems: he alſo there determined the 
preceſſion of the equinox more exactly than it had been done. 
But the art of navigation ſtill remained very imperfect, from the con- 


ſtant uſe of the plane-chart, the groſs errors of which muſt have often 
| miſled the mariner, eſpecially in voyages far diſtant from the equator. Its 
precepts were probably at firſt only ſet down on the earlieft ſea-charts, as 
that cuſtom is continued to this day; and larger directions have been 
uſually premiſed by the Dutch, to collections of their charts called Na- 
goner's, from the name of the publiſher: The Dutch call theſe col- 
lections alſo by many other affected titles, ſuch as Viery- Columns, Sra- 
Beacons, Mirrors, Atlaſſes, &c. . | 


At length there were publiſhed in Spaniſh two treatiſes, containing a 


ſyſtem of the art, which were in great vogue; the firſt by Pedro de Medina, 


at Valladolid, 1545, called, Arte de Naucgar; the other at Seville, in 1556, 


by Martin Cortes, with this title, Breve Compendis de la Sphera, y de la 


Arte de Nauegar con mueuos Inſbrumentos y Regias. The author of this laſt 


tract fays, he compoſed it at Cadiz in 1545. 


Theſe ſeem to have been the aldeit writers, who had fully handled 


this ſubject; for Medina, in his dedication to Philip Prince of Stain, 
laments, that multitudes of ſhips daily periſhed at ſca, becauſe there were 


— 


Herrera, en Madrid, 1601. | Jy | 1 
+ Hackluyt, in the dedication of his firſt volume of Voyages, printed in 1599. 


In Colunbus's life written in Spaniſh, which is very ſcarce, but it was printed / 


an Italian at Venice in 1571. 3 ay 
See Livio Sanuto's Geegraphia, at the fame place in 1585, Dr. William 


Gilbert, de Magnete, Lendon, 1600; and Purchas's Pilgrim, in 1625, vol. I. 


: 1 * . . F 


Cabot, n Venetian by birth, firſt ſerved our King Henry the Seventh, then 


the King of Spain, and laſtly, returning to Eugland, he was conſtituted grand 
pilot by King Edward the Sixth, with an anuual ſalary of above 160 pounds. 
Of this famous navigator and his expeditions, many writers have made men- 
tion, both foreigners and Eugliſb, as Peter Martyr, Ramuſeo, Herrera,  Holin- 
425 Lord Bacon, and particularly Hackl:yt and Purchas, in their Collections of 
oyages. ö | > 6 
« 85 Mathematica at Nureiuterg, in qua to. 


neither 


»La Hiſtoria general y natural de las Indias par Gonzalles de Miedo, en 
Sevilla, 1535. And Deſcriptione de las Indias Occidentale, de Antorio de 
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neither teachers of the art, nor books by which it might be learnt ; and 
Cortes, in his dedication, boaſts to the Emperor, that he was the firſt who 
had reduced navigation into a conmpendiun, enlarging much on what he 
had performed x. | | 5 

Medina gave ridiculous directions, how to gueſs at the place of the hori- 
zon, when it could not be ſeen; as alſo he defended the errors of the plane- 
chart, and advanced againſt the variation of the magnetic needle ſuch ab- 
ſurd arguments, as Aristotle and his followers had done to prove the im- 


- poſſibility of the Earth's motion. But Cortes briefly and clearly made out 


the errors of the plane-chart, and ſeemed to regect on what had been ſaid 
againſt the variation of the compaſs, when he adviſed the mariner rather to 
be guided by experience, than to mind ſubtle reafonings. Beiides he en- 
deavoured to account for this variation, in imagining the needle to be in- 
fluenced by a magnetic pole (which he called the point attractive) different 
from that of the world, and this notion has been farther proſecuted by 
others. 6” | | 55 1 EE 
However, Medina's book, being perhaps the firſt of its kind, was ſoon 
tranſlated into Italian, French, and Flemiſh t, lerving for a long time as a 
guide to navigators of foreign countries. Eg Es _ 
But Cortes was our favourite author, a tranſlation of whoſe work by 
Mr. Richard Eden was, on the recommendation of that great navigator 
Mr. Stephen Burrough, and the encouragement of the Society for making 
diſcoveries at ſea, publiſhed at London in 1501; which underwent vari- 
ous impreſſions ft, wbilſt that of Medina, though tranilated within twenty 
years after the other, ſeems to have been neglected, notwithitanding the 
encomiums beſtowed on it by Mr. John Frampton, the tranſlator. 
A ſyſtem of navigation at that time conſiſted of ſome ſuch particulars as 
theſe: An account of the Prolemaic hypotheſis, and the circles of the ſphere; 
of the roundneſs of the Earth, its longitudes, latitudes, climates, and 
eclipſes of the. Juminaries; a kalendar; how to find the prime, epact, 
&c. and by the laſt the Moon's age, and thence the tides ; a deſcription 


of the ſea-compals, not forgeiting the loadilone, with ſomething about 


the variation, called its north-eaſting and north-weſting, for the diſco- 
vering of which, by night as well as by day, Cortes ſaid, an inſtrument 
might be eaſily contrived ; tables of the Sun's declination for four years I 
in order to find the latitude, from his meridian altitude; to do the ſame 
thing by thoſe called the guard-ſtars in the north, and the croſiers in the 
ſouth ; of the courſe of the Sun and Moon; the length of the days; of 


time and its diviſions; to find the hour of the day, and by the nocturnal | 


— 


6 


„The learned Don Nicolo Antonio, in his Bibliotheca Hiſpanica, printed at 


Rome in 1672, tom. i. p. 323. puts down a book, intitled, Tradado de la Sphera y 


del marear con el regimento de las alturas, written by Franciſco Falero, a Portugueſe, 
and printed at Szwille in 1535 ; but perhaps'there is a miſtake in the date, He 
allo mentions an edition of Cortes in 1551. | | 

+ The Talian and French tranſlations were printed in 1554, the firſt at 
Venice, the other at Lyons; the Flemiſb edition, I have ſeen, was at Antwerp in 


1580; perhaps it had been printed before. 


r In the latter editions ſome miſtakes in the tranſlation are corrected, 
Cortes ſets down the places of the Sun for a twelvemonth, with an equa- 


tion-table to correct thoſe places, ferving for many years to come; and alſo 


another table to find the Sun's declination from his longitude being given. 


23 that 
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that of the night; and laſtly, a deſcription of the ſea-chart, on which ta 
diſcover where the ſhip is, they made uſe of a ſmall table, that ſhewed, 
upon an alteration of one degree in the latitude, how many leagues were 
run on each rhumb, together with the departure from the meridian. Be- 


fides ſome inſtruments were deſcribed, eſpecially by Cortes; as one to 


fiud the place and declination of the Sun, with the days and place of the 
Moon; certain dials, the aſtrolabe and croſs-ſtaff, with a complex ma- 
chine to diſcover the hour and latitude at once. 5 


And after this manner the art continued to be treated, though from 


time to time improvements were made by the following authors. 

As Werner had propoſed to find the longitude by obſervations on the 
Moon; fo Gemma Friſius, in a tract, intitled, De Principits Aſtronomiæ et 
Ceſiog raphiæ, piinted at Antwerp in 1530, adviſed the keeping of the 


time by means of ſmall clocks or watches for the ſame purpoſe, then, as 
be ſays, lately invented. He alſo contrived a new ſort of ctrols-ſtaff, which 


he deicribes in his treatiſe De Radio Aſtronomico et Geometrico, printed at 
the ſame place 1545, and in his additions to Peter Apian's Coſmography, 
gives the figure of an inſtrument, he calls a Nautical Quadrant, as very 
uſeful in navigation, promiſing to write largely on the ſubject; accord- 
ingly, in an edition he made anno 1553, of his above-mentioned book 
De Principiis Aftronomie, &c. he delivers ſeveral nautical axioms, as he 


calls them, which with ſome alterations were repeated by his ſon Cornelius 
Gemma, in a poſthumous piece of his father. on the Univerſal Aflrolabe, 
publiſhed in 1556. Gemma Friſius died in 1555, aged 45 years. 


Wich us Dr. Milliam Cunningham, in his Coſmographical Glaſs, printed in 


1559, amongft other things briefly treats of navigation, eſpecially ſhew- 


Ing the uſe of the Nautical Quadrant, much praifing that inſtrument. 


But a greater genius than theſe undertook this ſubje& ; for the famous 
mathematician, Pedro Nunez, or Nonius, having ſo early as 1537 pub- 


| liſhed a book, written in the Portugueſe language, to explain a difficulty 


in navigation propoſed to him by the commander Don Martin Aiphonſa 
ae Suſa; which was thirty years after printed at Baſil, in Latin, with the 
addition of a ſecond book, the whole intitled de Arte et Ratione Nuvi- 
gandi; where he expoſes, both truly and learnedly, the errors of the plane- 


chart; and beſides gives the ſolution of ſeveral curious Aſtronomical Pro- 


blems, amonęſt which is that of detesmining the latitude from two obſer - 


vations af the Sun's altitude, and the intermediate azimuth being given. 
He alſo delivers many uſeful advices about the art of navgiation, parti- 


cularly how to perform its operations on the globe. He cbſerved, that 
though the oblique rhumbs are ſpiral lines, yet the direct coutſe of a ſhip 
will always be the arch of ſome great circle, whereby the angle with the 
meridians will continually change; all that the ſteerſman can here do 
for the preſerving ol the original rhumb, is to correct theſe deviations as 
ſoon as they appear ſenſible. But thus the ſhip will in reality Ceſcribe a 
courſe without the rhumb-line intended; and therefore his calculations 
for aſligning the latitude, where any rhumb-line croſſes the ſeveral: me- 
ridians, will be in ſome meaſure erroneous. He alſo again ſets down his 
method of diviſion of a quadrant by concentric circles *, which he had 

59, 8 %% PO oe) . deſcribed 
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»The admirable diviſion, now ſo much in ũſe, is T yery great improvement 


- of this; ſo that when the famous Dr. Edmund Halley, the Royal Aſtronomey, 
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revived that by adapting it to his Mural Arch, ſome body here named it 
A Noniul, in which he has been followed by many. 


or NAVIGATION. vi 


deſeribed in his ingenious treatiſe de Crepuſculis, printed in 1542, ima- 


gining it had been practiſed by Ptolemy. There were alſo added other 
tracts of his, but the completeſt edition of his Latin works. was made by 


- bimſelf at Coimbra in 1573. His treatiſe of Algebra, written in Spaniſhy 


was printed-at Antwerp tix years before. 3 
In 1577 Mr. William Bourne publiſhed his treatiſe “, intitled, A Re- 
giment for the Sea, which he deſigned as a ſupplement to Cortes, whom 
he frequently quotes. Beſides many things common with others, Bourne 
gives a table of the places and declinations of thirty-two principal ſtars, 
in order to find the latitude and hour; as alſo a larger tide-table than 
that publiſhed by Mr. Leonard Digges, in 1556 +. He ſhews, by con- 
ſidering the irregularities in the Moon's motion, the errors of the ſailors 
in finding her age by the epact, and alſo in their determining the hou 


from obſerving upon what point of the 'compaſs the Sun and Moon ap- 
peared. He adviſes in failing toward high latitudes to keep the rec- 


koning by the globe, as there the plane-chart errs moſt. He deſpairs of 
our ever being able to find the longitude by any inſtrument, unleſs the 
variation of the compaſs ſhould be cauſed by ſome ſuch attractive point, 
as Cortes had imagined. Though of this he doubts, and as he had ſhewn' 
how to find the variation of the compaſs at all times, he. adviſes to keep 
an account of the obſervations, as uſeful to diſcover thereby the place 


of a ſhip ; which advice the famous Simon Stevin proſecuted at large in 


a treatiſe publiſhed at Leyden in 1599, intitled, Portuum inveſtigandorum 
| Ratio Metaphraſia Hugone Erotio; the ſubſtance of which was the ſame _ 


| year printed at Landon in Engliſh, by Mr. Edward Wright, intitled, The 


Haven-finding Art. OY OA EL 
But the moſt remarkable thing in this ancient tract is, the deſcribing of 
the way by which our ſailors eſtimated the rate a ſhip made in her courſe, 
by an inſtrument called the log. This was ſo named from the piece af 
wood or log that floats in the water, while the time is reckoned during 
which the line that is faſtened to it is veering out. The author of this 
device is not known, and I find no farther mention of it till 160%, in an 
Eaſi-India voyage, publiſhed by Purchas; but from that time its name 
occurs in other voyages, that are amongſt his collections. And hence» 


forward it became famous, being taken notice of, both by our own au- 


thors, and by foreigners; as by Gunter in 1623, Snellius in 1624, Me- 
tius in 1631, Oughtred in 1633, Herigone in 1634, Saltonſtall in 1636, 
Norwozed in 1637, Fournier in 1643; and indeed by almoſt all the ſuc- 
ceeding writers on navigation, of every country. And it continues ta 


be ſtill in uſe as at firſt, though attempts have been often made to im- 


prove it, and other contrivances propoſed to ſupply its place. Many of 
theſe have ſucceeded in quiet water, but proved uſeleſs in a troubled ſea. 

A following edition of this book was reviſed by the author, where, in 
the preface, he ſets forth the groſs ignorance of the old ſhip-maſters, re- 
peating ſome of the inſipid jeſts they made uſe of to juſtify their want of 
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* He had ten years before publiſhed what he calls Rules of Navigation, ag 
appears from his Almanac, printed in 1571. fk, _ 


+ In his treatiſe, intitled, 4 Prognoftication everlaſting, fol, 23. 
| a 4 | Knowledge 


vii DISSERTATION: on THE RISE, &c. 


knowledge in their art. Amongſt the additions, he enlarges on the ac- 
count of the log- line. And at the end ſubjoins an Hydrographical Dif- 
3 11. fron ſeveral Paſſages into Cathay. 8 84 . 
Bourne publiſhed other tracts, as one called [nventions or Deviſes, where 
he deſcribes a method by wheel-work of meaſuring the velocity of a ſhip 
at ſea, which artifice he attributes to one Mr. Humfrey Cole, 
At Antwerp, in 1581, Michael Ciignet, a native of the place, publiſhed 
a ſmall treatiſe, intitled, Inſtruction nouvelle des Points plus excellents & 
neceſſaires touchant I Art de Naviger x. This ſerved as a ſupplement to 
Medina, whoſe miſtakes Coignet well expoſed. He there ſhewed, that 
as the rhumbs are ſpirals, making endleſs revolutions about the poles, nu- = 
merous errors mult ariſe from their being repreſented by ſtraight lines on "7% 
the ſea-charts ; and expreſſed his hopes of diſcovering a rule to remedy "7 
thoſe. errors; ſaying, that moſt of the ſpeculations, delivered by the 
great mathematician, Peter Nonius, for that purpoſe, were ſcarce practi- 


cable; and therefore in a manner uſeleſs to ſailors. In treating of the 9 
Sun's declination, he took notice of the gradual decreaſe in the obliquity 7 
of the ecliptic, a point long diſputed, but now ſettled from the theory of 4 


attraction. He alſo deſcribed the croſs- ſtaff with three tranſverſe pieces, 
as it is at preſent made, which he acknowledged to be then in common 
uſe amongſt the mariners ; but he preferred that of Gemma Friſius. He 
| likewiſe gave ſome inſtruments of his own invention, which are now 
quite laid aſide, except perhaps his nocturnal. As the old ſea-table, 
mentioned above, erred more and more in advancing toward the poles; 
he ſet down another to be uſed by ſuch as failed beyond the 60th degree 
' of latitude, At the end of the book is delivered a method of failing on a 
parallel of latitude by means of a ring dial, and a 24 hour glaſs; on which 
the author very much values himſelf, | __ | 
The ſame year Mr. Robert Norman + publiſhed a diſcovery, he had 
long before made, of the dipping of the magnetic needle, in a ſmall pam- 
phlet called The Newe Aitraqtiue, where he ſhews how to determine its 
quantity; and in ſpeaking of the loadſtone, he diſputes againſt C:rtes's 
notion, that the variation of the compaſs was cauſed by a point fixed in 
the heavens, contending that it ſhould be fought for in the earth, and 
propoſes how to diſcover its place, He alſo treats of the various forts of : 
cCompaſſes, ſetting forth at large the dangers that mult arife from the A 
then prevailing practice of not fixing, on account of the variation, 'the 'q 
Wire directly under the flower-de-/vce; as compaſſes made in different 
countries have it placed differently. Bourne indeed had warned againſt 
this abuſe, and there are many things common to hoth authors, gi 
To Norman's piece is always ſubjoined, Mr. William Burrough's Diſ- 
courſe of th: Variation of the Cuimpaſs or Magneticall Needle, The author 
had been a famous navigator, having uſed the ſea from fifteen years of 
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It had been publiſhed in F/:#:i4, but the French edition is the fulleſt. 
Coignet died in 1623, leaving many mathematical manuſcripts, ſee Valerii 
Andres Bibliotheca Belgica, printed at Louvain in 1643. | 

+ He is commended for, an excellent Artiſt by our authors, as Bourne. = 

= 228 Sir Humfrey Gilbert, Hues, Potter, Blundeville, Wright, and Dr. 23 
Gilbert, | PEE | . | / 
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Ax ge, and for his merit promoted to be Controller of the navy by Queen 

| Elizabeth x. He ſhews how to determine the variation ſeveral ways, 
ſetting down many obſervations of it made by an azimuth. compaſs of 

* -» Nirman's invention, but improved by himſelf, He demonſtrates the 

' falſhood of the rules commonly uſed, to find the latitude by the guard- 
ſtars. He particularizes many errors in the then ſea-charts, occaſioned 

4 by the neglect of the variation; adding, But of theſe coaſtes (toward the 
North), and of the inwarde 27 458 the countries of Ruflia, Muſcovia, &. 

; ] have made a perfect plat and deſcription, by myne owne experience in ſun 
dri voiages and travailes, bothe by ſca and lande to and fro in thoſe partes, 

' which I gave to her Majeſtie in anno 1578. And, laſtly, he juitly finds 

” fault with Cignet's inſtrument, called a Nautical Hemiſphere; but ſpeaks Es 

too ſeverely againſt the writers of navigation, concluding thus: 5 


But as I baue alreadie ſufficientlie declared, the cumpas ſheweth not alwaies 
: the pole of the worlde, but uarieih from the ſame dverſly, and in ſayling de- 
| ſeribeth circles accordyngly. Whach thing, if Petrus Nonius, and the reft 
that baue written of Navigation, had jointhe conſidered in the tractation of 
their rules and inſtruments, then might they haue been more auaileable to the 
uſe of Navigation; but they perceivyng the difficultie of the thyng, and that 
if they had dealt therewith, it would have utterly overwhelmed their former 
pꝛlauſſible conceits, with Pedro de Medina (who, as it appeareth, hauyn 
fame ſmall ſuſpician of the matter, eee very cler x h, that it is not neceſ= _ 
5 ſary that ſuch an abſurdity as the /ariation, ſhould be admitted in ſuch an 
excellent art as Navigation is) they baue all thought beſi to paſſe it over with 
6:1 . ; „„ 
/ The Spaniards too continued to publiſh treatiſes of the art; particularly 
at Seville was printed in 1585 an excellent Compendium by Rederico Za- 
 morano; which is written clearly and with brevity, not being incumbered 
4 with ſuch idle ſpeculations as abound in Medina and Cartes. The author 
was Royal Lecturer at Seville, and contributed much to the reforming 
the ſea- charts; as we are told by his ſucceſſor, Andres Garcia de Ceſpedes, 
who alſo publiſhed a Treatiſe of Navigation at Madrid, in 1606. 35 
4s globes may be very ſerviceable for the mariner, Mr. Edward Mul- 
lineux ſet forth in 1592, at the charges of Mr. William Sanderſon, mer- 
+ chant , a pair much larger than thoſe the famous geographer Gerard 
Mercator publiſhed in 1541. On the terreſtrial one were deſcribed many 
new diſcovered countries, and. traced out the. reſpective voyages round 
the world by Sir Francis Drake in 1577, and Mr. Thomas Candiſb in 
4 1586, with the progreſs Sir Martin Frobiſber had made toward the north 
in 1576, to a place called his Straits. A OL ESP ny 
Theſe globes were accompanied with a tract containing their uſes 
written in Engli/b; but in 1594 Mr. Robert: Hues publiſhed a more ela- 5 
| borate one in Latin; wherein, amongſt others, he ſolves by the globe b a 
the problem of determining the latitude from two heights of the Sun ob- | 
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IP 7 Hackluyt's Voyages, vol. I. p. 417, printed in. 1599. ks 
+ Mr. Sanderſon was commended for his knowledge as well as generoſity 
do ingenious men. „ ; Ta 
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courſe touching, e froe everal Paſſages into*Cathay. 
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' Bourne publiſhed other tracts, as one called Inventions or Devi/es, where 
he deſcribes àa method by wheel-work of meaſuring the velocity of a ſhip 


at ſea, which artifice he attributes to one Mr. Humfrey Cale. 
At Antwerp, in 1581, Michael Cignet, a native of the place, publiſhed 


a Imall'treatiſe, intitled, Taſtrullion nouvelle des Points plus excellents & 
* \ mecaſſaites touchant Art de Naviger 1. This ſerved as à ſupplement te 
— Medina, whole miſtakes Coignet well expoſed. He there ſhewed, that 


- as the rhumbs are ſpirals, making endleſs revolutions about the poles, nu- 
merous errors mult ariſe from their being repreſented by ſtraight lines on 


the ſea-charts ; and expreſſed his hopes of diſcovering a rule to remedy 
thoſe. errors; ſaying, that moſt of the ſpeculations, delivered by the 
great mathematician, Peter Nontus, for that purpoſe, were ſcarce practi- 


Cable; and therefore in a manner uſeleſs to ſailors. In treating of the 


. .Sun's declination, he took notice of the gradual decreaſe in the obliquity 
pf the ecliptic, a point long diſputed, but now ſettled from the theory of 


as it is at preſent made, which he acknowledged to be then in common 
uſe amongft the mariners ; but he preferred that of Gemma Friſius. He 
125 \ likewiſe. gave ſome inſtruments of his. own invention, which are now 
- +, quite laid aſide, except perhaps his nocturnal. As the. old ſea-table, 
mentioned above, erred more and more in advancing toward the poles ; 
he ſet down another to be uſed Y ſuch as failed beyond the Goth degree 
of latitude. At the end of the 


| Attraction. He alſo deſcribed the croſs- ſtaff with three tranſverſe pieces, 


he author very much values himſelf. 


"The lame year Mr. Robert Nerman + publithed a diſcovery, he had 
Tong before made, of the dipping of the magnetic needle, in a ſmall pam- _ 


"x "18 phlet called The Newe Attradue, where he ſhews how to determine its 
©. _ . © quantity; and in ſpeaking of the loadſtone, he diſputes againſt Cortes's 
notion, that the variation of the compaſs was cauſed by a point fixed in 


the heavens, contending that it ſhould be fought for in the earth, and 
propoſes how to diſcover its place. He alſo treats of the various forts of 


compalles, ſetting forth at large the dangers that muſt ariſe from the 
then prevailing practice of not fixing, on account of the variation, the 


+ this abuſe, and there are many things common to hoth author s. 
To Norman's piece is always ſubjoined, Mr. William Burrough's Diſ- 
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Coignet died in 1623, leaving many mathematical manuſeripts, fee Valerii 
Andres Bibliotheea Belgica, printed at Louvain in 16433ʒlf. 
+ He is commended for, an excellent Artiſt by our authors, as Bourne, 
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ook is delivered a method of failing on a 
parallel of latitude by means of a ring dia}, and a 24 hour glaſs; on which _ 


wire directly under the flower-de-lnce ; às compaſſes made in different 
Countries have it placed differently. Bourne indeed had warned againſt \. * 


courſe of th: Variation of the Cumpajs or Magneticall Needle. The author 
had been a famous navigator, having uſed the fea from fifteen years of 


I had been publiſhed. in Flenzte, but the Freach edition is the fulleſt, 
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1 eh promoted to be Controller of the navy by Queen 


| Elizabzth 5. ws. how to determine the variation ſeveral ways, 


- ſetting down many obſervations of it made by an. azimuth, compaſs of 


* s 


/ Narman's invention, but improved by himſelf, He demonſtrates the 


falſhood of the rules commonly uſed, to find the latitude by the guard- 
| ſtars. He particularizes many errors in the then ſea- charts, occaſioned 


5 the negle& of the variation; adding, But of oy coaftes (toward the 


North), and of the inwarde partes of the countries of Ruſſia, Muſcovia, &c. 
I have made. a. penfect plat and deſcription, by myne owne experience in ſun- 
drie voinges and travailes, bothe by ſea and lande to and fro in thoſe partes, 
_ "which I gave to her Majeſtie in anno 1578. And, laitly, he juitly finds 
fault with Cignet's inſtrument, called a Nautical Hemiſphere; but ſpeaks 


too ſeverely againſt the writers of navigation, concluding thus: 


- But as I haue alreadie ſufficientlie declared, the cumpas ſheweth not alwaies 


the pole of the worlde, but uarieth from the ſame diverſly, and in ſayling de» 
feribeth. circles accordyngly.. Which thing, if Petrus Nonius, and the reft 
that haue written of Navigation, had jointhe conſidered in the tramation 
their rules and inſtruments, then might they haue been more auaileable to t 


+ uſe of Navigation ;. but they perceivyng the difficultie of the thyng, and that 
they bad dealt therewith, it would have utterly overwhelmed their former 


plauſſible. conceits, with Pedro de Medina (who, as it appeareth, hauy 
ſome ſmall ſuſpicign of the matter, Ae very clerkly, that it is not nece 
ſary that ſuch an abſurdity as the 
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The Spaniards too continued to publiſh treatiſes of the art; particularly 


at Seville was printed in 1585 an excellent Compendium by Raderico Za 
morano; which is written clearly and with brevity, not being incumbered 
with ſuch idle ſpeculations as abound in Medina and Cortes. The author 


was Royal Lecturer at Seville, and contributed much to the reforming 


X- , the ſea-charts ; as we are told by his ſucceſſor, Andres Garcia de Ceſpedes, 


who alſo publiſhed a Treatiſe of Navigation at Madrid, in 1606. 


As globes may be very ſerviceable for the mariner, Mr. Edward Mul- ; 


_ - lineux ſet forth in 1592, at the charges of Mr. William Sanderſon, mer- 
_ chant 4, a pair much larger than thoſe the famous geographer Gerard 
Mercator publiſhed in 1541. On the terreſtrial one were deſcribed many 
new diſcovered countries, and. traced out the. reſpective voyages round 
the world by Sir Francis Drake in 1577, and Mr. Thomas Candiſp in 


1586, with the progreſs Sir Martin Frobiſber had made toward the north 


in 1576, to a place called his Straits. . VVſln 
Theſe globes were accompanied with a tract containing their uſes 


written in Eugliſi; but in 1594 Mr. Rober: Hues publiſhed a more ela- 
bdiorate one in Latin; wherein, amongſt others, he ſolves by the globe 
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| ſerved with the intermediate time being given „; and in the laſt part of 

3 dis book, he performs the uſual queſtions in navigation, premiſing a dif- 
CTiourſe on the-rhumb-lines,' where he attempts to refute what Gemma 

Fir had aflerted, who ſays, that they meet in the poles. | At the con- 

:  *clufion he highly praiſes a treatiſe of Mr, Thomas Harivt, hoping it would 

de ſdon publiſhed, in which that author had treated of this ſubje&t upon 
-geometrical principles, with great ſagacity and judgment. But all the 7 

= _ - manuſcripts of that great mathematician were loſt, except his Artis Ana. 

phie Praxis, which was publiſhed long after his death in 1631; wherein 

. 5 _ 4am idea of algebraic equations, which has been erer 

| . AS OWed. - R 8 4 e! Ve 1 „ Th 0 4 ä 4 

37 Hues + was a perſon of letters, and befides had been far at fea. Amongſt © 

85 other curious particulars, he gives a good account of the attempts that 

dad been made at various times to meaſure the Earth. In the £pi//e to 1 

Sir Walter Rawkey, he takes an occafion to enumerate the many diſcoveries 

of our mariners in very different parts of the world. His book was re- 
ceived with great applauſe, and has been indeed a pattern for ſuch as 
aſterward handled the fame ſubject. It has deen often printed abroad. 
| particularly in 1617 with the notes of ohn * wa Pontanus, who omitted 7 

- the Eph and the mentioning of Hariot. However, from this mutilated - 

__ edition it was tranſlated into Engliſb by one Mr. John Chilmead, and pub- 
%% % md ß no 2 EEC On 
8 Amongſt our ſailors none were more famous than Captain bn 

Davis , who gave name to the ſtraits which he diſcovered; and greet 
matters were expected from his long experience and ſkill. In 1594 he 
publiſhed a ſmall treatiſe, intitled, The Seaman's Secrets. This is written 
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poſe. But, above all, he extols the uſe of calculations in the caſes of na- 
vigation, and promiſes to handle that ſubje tt. 
* * 2 3 2 x he MR IF © TY | 22 2 | 2 
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I OD I mr een roy. 
li problem has been diſcuſſed by Dr. Henry Pemberton, in the Philo- 
ſophical Tranſactions, vol, li. part. 2d. 1 760, p. 910, where he has alſo given 


1 „ ſome improvements ip trigonometr .. 1 
ſl > F. There is an account of Hues and Hariot in Anthony Wood's Atben. Oxon. 
_—_ Vol. x. printed in 1721, as being both members of that univerſiti rr. 


_ >  Þ Several of his voyages are in Haciluyt s and Parchas's colleftions. He 
9 and Captain Abrabam Kenda are greatly praiſed by Sir Robert Dudley, in his 
Arcane del Mart, as keeping a pores reckoning by the way of longitude and 
© - _  - .  "laritude, where are given two o | This Dadley was a natural 
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their Fournal;s. 
ſon of the great Earl of Leicefter, and had commanded, in 1594, a fleet 
 aþaioft the Spaniards 3 but retiring to Florence, he aſſumed the El a of Duke 
L I Northumberland and Earl of Warnick, His Arcane was printed at that 
. Face in two volunies in 1646 and 1647. / Nah Ig Ln 
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At " end of the book is given the figure of a ſtaff of his uri e | 
. aback obſeryation. Of this the author is ſo vain as to ſay, Than 
- nobicb in/trument-(in my opinion) t ee hall not finde any ſo good, and 
in all clymates of ſo great certaintie, the invention and demanſi ration whereof, + 
I may boldly challenge to appertain unto my 10575 (as a portion of the talent 
which God hath beſtowed upon me) 1 _ without abuſe or offence to any. 
This inſtrument ſeems to have for ſome time N in uſe; for Adrian 
Albin in his treatiſe, intitled Aftronomiee Inſtitutio, printed in 1605, gives 
2 ſigure of it from an original, in the poſſeſſion of M. Frederic Hautman, 
governor of Amboyna. But it ſoon yielded to one of a more commodious 
form, which is now commonly called Davis's Quadrant“; as if it was 
alſo of his invention; and that perhaps only becauſe a back obſervation is 
made by both inſtruments, ſo the quadrant itſelf was at arſe Open a Staff” 
an Back-Staf. * 
- ,- The famous traveller * Pietro della Valle paſſi ing, in 2623 from 
15 Orb to Surat aboard an Englißb veſſel, where obſerving this quadrant 
much practiſed by the ſeamen, as it was quite new to him, takes an oo - 
caſion to ſhew its uſe very diſtinctly, and favs, they told him, that it had 
been lately invented and called David's Staff + from its author. Alfo 
Captain Charles Salton/tall, i in his Navigation, deſcribes it under the name 
of a Back-Staff; and in Captain Thomas Fames's famous voyage for diſ- 
covering a north-weſt paſſage, begun in 163r, amongſt the many inſtru- 
ments he carried along with him, are mentioned two of Mr. 8 0 
2 Hack ftaves, which were: doubtleſs theſe quadrants. _ 
Contemporary with Davis was Mr. Richard Polter, whos! it is ſaid, 
had been a priscipal maſter aboard the Royal Navy. He wrote a very 
ſſmall book, intitled, The Pathway to Perfect Sailing, where, from an ob- 
_ ſervation de made in 1586, he would infer 1, that different loadſtones 
communicated different degrees of variation to the magnetic needle, and 
therefore deſpiſes the publiſhing obſervations of that kind, as needleſs. | 4 
His book was not printed till 1644, nor did it deſerve to be publiſhed at | 
all, as it abounds with miſtakes, and i is written fantaltically, auen and 
| prog antly, - | 
But all this whe the plane- 5 ee ng its errors were fre- 
. quently complained of, continued to be followed ; as its uſe is eaſy, and 
ſerves tolerably well in ſhort voyages, eſpecially near the equator. 
3 However, à way to remedy theſe errors had, for ſome time, been in- 
quired after. And Gerrard Mercator ſeems to be the firſt, who conceived 
the means of effecting this, in a manner convenient for ſeamen, by con- 
tinuing to repreſe:it both the meridians and parallels of latitude by parallel 
* Rraightlines, as in the plane-chart, but gradually augmenting the diſtances . 
between the tegrees of 14 27 in W . from the Equator toward 
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9 5 59 is called 6 he French, FO 5 - Auglair: wat | 
W David Sta if, che in lingua Ingleſe vale a dir et David Vi ing ; WA 155 
l 3 Letter 1.2 Kema. This author npt only praiſes the Captain Nicholas i 
Foal, and other 'officexs, but alſo the common ſailors, for their care and ſkill; 
And ſays, the Portugueſe loſe a great number of ſhips for not being lo xx in 
43 their obſervations as the Eg. g 
1 Perhaps he ſhould "have. hence co cluded the variation a as was 
bee e F ö WE: | oY of 
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eiter ren, that the rhumbs alſo might be extended into ſtraight lines, ſo 
that a ſtraighit line drawn between any two places, laid down in this chart 
by their longitudes and latitudes, ſhould make an angle with the meri- 
dians, expreſfing the rhumb leading from one to the other, But though 
Mercator, in 1569, ſet forth an univerſal map thus conſtructed , it does 
not appear upon what principles he proceeded; probably, by obſerving in 
a globe furniſhed with rhumbs, what meridians the thumbs paſſed at each 
degree of latitude. That he knew not the genuine principles, I ſhall 
make evident; our countryman, Mr. Edward Mrigbt, was certainly the 
nirſt who diſcovered tem VVV 
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n but without ſufficient grounds, that this enlarge- 


\ 


ment of the intervals between the parallels had been ſuggeſted before by 
ne f, and even by Ptolemy himſell t. 
As to Cortes, he ipeaks of the number of the degrees of latitude, and 
not the extent of them; for his expreſſion amounts to no more than this, 
that the degrees of latitude are to be numbeted from the equator, and 
_ conſequently both northward and ſouthward: from that line the numbers 
affixed to them muſt continually increaſe; and from. any place having la- 
titude (ſuppoſe Cape St. Vincent in Spain, which is his inſtance) the de- 
grees of latitude will be denoted by numbers increaſing toward the pole, 
And decreaſing toward the equator. He had before expreſsly directed, 
that they ſhould be all equal by meaſurement on a ſcale of leagues adapted 
The paſſage in Ptolemy, referred: to by Mrigbt , does indeed relate 
to the proportion between tae diſtances of the parallels: and meridians, . 
but contains no ſhadow of Mercator's ſcheme : for inſtead of propoſing 
any gradual enlargement of the diſtances of the parallels in a general 
chart; that paſſage relates only to particular maps, and is more diſtinctly 


explained in the firſt chapter of his laſt book; where he adviſes explicitly | "Mm 


not to confine a ſyſtem of ſuch maps to one and the ſame ſcale, but to plan 
them out dy a different meaſure, as occaſion ſniall require, with this only 
_ caution; that the degrees of longitude ſhould. in each bear in ſome. mea- 
ſure that proportion to the degrees of latitude, which the magnitude of 
the reſpective parallels bear to a great cirele of the ſphere; and ſubjoins, 
that in particular maps, if this proportion be obſerved in regard to the 
- - Middle parallel, che inconvenience will not be great, though the meri- 
Gdians ſhould be ſtraight parallels to each other; wherein his deſign is 
plainly no other, than that the maps, ſhould in ſome ſort repreſent. the 
figures of the countries they are drawn for. Mercator, who drew maps 
for Ptolemy's tables ©, underſtood him in no other ſcnſe, thinking it an 
— ———ẽ t —-—-—᷑ Ad- — — — nl rem rm nmnmmrmen 
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ern N 7 wy 
X improvement not to regulate the meridians Y one parallel, but by two; 
bone diſtant from the northern, and the other from the ſouthern-extremity - 
F of the map by a fourth part of the whole depth; whereby in his maps, 
though the meridians are ſtraight lines, they are generally drawn inclining 
cao each other toward the pole. E 1 
But Aras univerſal map, mentioned above, though the author de- 
ſigvedd it for the benefit ↄf ſailors, was fo far from being readily adopted, 
that ſame; of the moſt ſkilful amongſt them objected to its uſefulneſs. 
Thus Mr, Burrough ſays of it Ey augmenting his degrees of latitude 
taward the poles, the, ſame is more fitte for ſuche to beholde, as ſtudie in coſa 
mographie, by readyng authours upon the lande, then to bee uſed in Navigation 
1 my Mr. Thomas Blundeville, in his Briefe Deſcription of Univerſal 
Mappes and Cardes, firſt printed in 1589, gives an account of this map, 
obſerving that Barnandus Puteanus of Bruges had publiſhed, in 1579, one 
-altogether like it. And though Blundeville is fo particular, as to ſeg 
' "down numbers expreſſing the diſtances between each parallel of latitude 
in thoſe maps; yet he ſeems to ſlight them, by ſaying, that no better rules ; 
than thoſe given by Ptolemy can be deviſed. But what is delivered by 
_ . this geographer about the conſtruction of a general map, is a very indiffe- 
rent performance, altogether unworthy the author of the Almageſt, and 
not in the leaſt correſponding with the ſagacity ſhewn in two treatiſes. on |} 
the Planiſphere and Analemma, which the 4rabians have handed gown to 
Us as Ptolemy's *. „ „%% / 0 els „ 
Maginus alſo, at the end of his Geographia Univerſa, (the former part 
of which is a tranſlation of Pto/emy's) firſt printed at Venice, in 1596, 
mentions this map of Mercator, and gives even a ſketch of it; but ſeems 
to have no diſtinct conception of the author's deſigg. 25 
That Mercatar's map was not rightly deſcribed, is manifeſt from the 5 
numbers given by Biundeville; and that he was ignorant of a genuine e 
method of dividing the meridian, appears from a paſſage in his life, where 
the writer ſays ee bfteh aſſured him, that this extending a ſphere 
into a plane anſwered to the quadrature of the circle, as that nothing 
= - ſeemed to be wanting but the demonſtration. V 
_ HoWevet. our authors now began to entertain favourable thoughts of it, 
"= 5 from the report that Mr. Mrigbt was about to treat on that ſub- 
-* Jje& Dr. Thomas Hood, to the firſt edition which he gave of Bourne's Regi- 
ment in 1592, added a Dialogue of his own, called The Mariners Guide, 
written only to ſhew the uſe of the plane chart, where he acknow- {3 INT 
5 ledges and ets forth its errors, and highly praiſes Mercator's, ſaying, he 
had compoſed a treatiſe concerning it; but the indiftin& account he gives 
of it, ſhews it wauld not be this author's lot to render it fit for the ufe 
of navigation. And Mr. Blundsewville, in the following editions of his 
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FF above-mentioned tract, omitted the commendation he had given of Pro- 
eee method of delineating an univerſal map. © © | 


runs ſcheme was not indeed contrived'for repreſenting the parts 

IF AL 4 * e 0 "> F ; 5": . 7 : 8 k * > * 2 * 6 ; — | cot ax 
= of a country in a juſt proportion to each other; but is appropriated to the 
ue of amariners, who fail upon rhumbs by the guidance of the compass 


* Theſe were publiſhed by Frd. Commandinus, one at Yenice, in 1518, thi 
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3 our cbunttyman Mr: Fdivard TPright, perfected *, by ney 
A true way of dividing the meridian An account of this he ſent fro 


_ Catis college, in Cambridge, where he was then a fellow, to his friend tie ) 


above: mentioned Mr. Bluadeville; containing a ſhort table for that pur- 


poſeꝭ with a ſpecimen of a chart ſo divided, together with the manner of 
dividing it. All which Blunde ville publiſhed, in 1594 amongſt his Ex- 


erelſes, in that part which treats of navigation ; where he has well de- | 
livered what had been before written on that art; inſomuch that his book | 
was long in great repute, . a ſeventh edition having been printed in 1630. 
To the ſecond edition, Anno 1606, and following e was added his- 

been diſeourſe of univerſal maps. 


e 1597, the Reverend Mr. i liam Barliwe, in bias Wavigator's 


miend; This manner of carde ' has been publiguely extant in print 
theſe. thivtle. — 1 at lea 74 4, but 4 claude (as it were) and thicke mifte of _ 
ignorance doth- keeps it hitherto concealed! And fo much the more, Betanſe 
fame who" were rectoned for men of good knowledge, have by glauncing 


ſperches (but never by oy. one 3 of moment ) gone about what 1 70 Comte 5 
to diſgrace it. 


his book of r 8 contains deſcriptions of ſeveral En for 5 
the uſe of N the principal of which is an azimuth compaſs,” with 


two-upright fi and as the author was very curious in making ex- 
periments on ehe oadſtone, he diſcourſes well and largely on the ſea- 
compaſs; and ſtill farther handles that ſubject in a tract. be publiſhed ' 
ſom? years after, iatitled, Magnetical Advertiſements, - 

At length, in 1599, Mr. Fright himſelf printed bis. 8 tis 


| intitled, The Correction of certain Errors in Navigation, which had been | 


written many years before; where he ſhews the reaſon of this diviſion |, 


the manner of conſtructing his table, and its uſes in navigation, with 


other improvements: A-book, as Dr. Halley lays, well TONE” the -— 
1 of all ſuch as defign to uſe the fea . 


on n the ot et. TR 5 62 TION on the <bſtinacy e of our r matiners, 
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ey. . 8 al. our 1 writers have Laid, Mercator N go 3 from 
Wright, but that is a miſtake; for Mercator's map was publiſhed thirty years 
before Wrights book, who frequently refers to it. See SR n 1 N 
| N pt the firſt book of 21 of in as p. . my 3 > 
* He ould have ſaid 28 only. Er Ba. x 
5 Many of theſe inſtruments are in ; the Ae 41 Mare, togerhr » with the 
demon ſtration above mentioned. 
oF Maps with their meridians thus divided had been publiſhed: at Mailer - 
by Jaden Hendius, who, when in Londen, working as an, engraver, learnt: the 


We of doing it from Mr. Wright's Manuſcript ; the fourth chapter of which 


he had tranſcribed into one of his maps. Hendius afterward in his letters, 


both to Mr. Briggs, and alſo to Mr, Wright, begged 'pardon. fon not having, . 
acknowledged the obligation. See Wright's preface, where he complains of” 


 Hondius's proceeding ; and "farther relates, how his book, 4 copy of which 


_ having been prefented to the Earl of Cumberland, had liked to have come out 


under the name of a famous navigator, whom, from me eee * 


Nenn I imagine to have been Abraham n ee 
* N ical Bets for 109%; MO IE nord $a 4 y 


Supply, rota a demonſtration _'of this diviſion, as communicated by a 
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ſea-quadrant, to take altitudes by a forward or backward obſervation, 


he * 
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* -penſation for his abſence from the univerſity, in order to accompany the 
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ber not liking an improvement in their art, ſaying, that they were like 


# | . thoſe whoſe ignorance Maſter Bourne had expoſed, repeating. Bournt's 


Though this great improvement in navigation by right has been 


embraced and followed by all proper judges; yet ſome undiſcerning 

_ perſons: have of late, even amongſt us, found fault with it, particularly 
Hen Wilſon, author of a Treatiſe on Navigation, by a propoſal for a 
- _ curvilinear fea-chart,\in 1720; and the Rev, Mr. Vet, of Exeter, in a 
poſthumous piece, printed in 1762. But their capils were ſufficiently 
obviated 3 thoſe. of the firſt by Mr. Haſellen, in his Mercator's Chart, 
and in his Reply, both printed in 1722; and of the ſecond, by Mr. 
William Mountaine, in the Philoſophical Tranſactions, vol. LIII. p. 69, 
In 12 a ſecond edition of Mr. Vrighi's book was publiſhed, and 
dedicated to Prince Henry, his royal pupil *, where the author inſerted 
_ farther improvements; particularly, he propoſed an excellent way of de- 
termining the magnitude of the Earth; at the fame time recommending, 
very judiciouſly, the making our common meaſures in ſome ſettled pro- 
portion to that of a m_— on ĩts ſurface, that they might not depend on 
_ - the uncertain length of a barley-corn | . 
Some of his other improvements were, The Table of Latitudes for 
dividing the meridian,” computed to minutes; whereas before it was but 
to every tenth minute, and the ſhort table ſent by him to Blundeville to 


> degrees only: An inſtrument, he calls the Sea-rings, by which the varia- 


tion of the compaſs, altitude of the Sun, and time of the day, may be de- 
, termined readily at once in any | ap provided the latitude be known: 

The correcting of the errors arifing from the eccentricity of the eye in 
obſerving by the croſs-ſtaff: A total amendment in the Tables of the 
declinations and places of the Sun and ſtars, from his own. obſervations, 
made with a ſix- foot quadrant, in the years 1594, 95, 96, and 97: A 


And likewiſe with a contrivance for the ready finding the latitude by the 
height of the pole-ftar, when not upon the meridian. And that his book 
might be the better underſtood by beginners, in this edition is ſubjoined a 
tranſlation of the above-mentioned Zamerane's Compendium ; he coxrect- 
ing fome miſtakes in the original, and adding a large table of the variation 
of the compaſs obſerved in very different parts of the world, to ſhew it 


zs not occaſioned by any magnetical pole. 


7} - derable-ſum_ at that time) by the Za/# India Company, for reading a 


lecture of navigation; he alſo projected the conveying water to Landon, 
but was prevented from. executing; his. ſcheme by deſigning men, which 
is frequently the caſe. Whilſt he led a ſtudious and retired life, his repy- 
cation was-1o far known, that Queen Elizabeth granted, in 1589, a di, 


_ Earl of Gumberlandin the expedition to the Azores; as I am informed by 


In 1657 a'3d edition was publiſhed by Mr. Jop Moxon, where the de- 
_ [dication is 'unadviſedly-left out, and at the end is added by the editor the 
Above mentioned Hawer finding Art, as alſo #right's univerſal map, improved 
by the TY made fince. bis time. 8 
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Sir Fames Burrengb, Muſter of :Crius College; whoſg Ene tate in, * 
ngs in Cambridge ſhew, they rendering 
reſt of thoſe buildings a diſgrace to that famous ſeat of learninp, which 
- has produced many great men, as, to mention here only mathematicians) 
. right, Briggs, © Oughtred, Dr. Pell; Foſter, Horroz, Bainbridge, Biſhop 

Wallis, Dr. en Nute, Sir your Ons; a _ 


8 improvements « "_ Mireator's chart became Hoon 


 reQturey part of the new: buildi 


ard, 
Dr. Brook: Ta. 
Wright" 
abroad. 


e ee the rei 
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the part concerning navigation, the author, 


of calculatin 
And in 


praiſed 
had been 
larly declared, as ate the 


 thor« 


1703, 


en ef 


Tinvente u-. 


al Academy of 
hart, fat ys, 


titled, Primum Mobile, printed at Ar/ferdtihn, in 16. 


the learned Peter Herigone, in his Curſus wn 619 ai 
dication of the fonrth* tome to the Marſhal Buſſompire, the author ſays, | 
UArtem nitvigundi in cenſu Matheniatices non repe 
end in bunc ordinem oſeribi"mernit, quandin e =— 
_Ttelebrata et; nunc vers cm inventis tabulis laxbdromicis 7 quas nos Primim —=— 
"Galtis exhiberus ) formam certumn N Tepes Laney TL e pines ; 73S 
non ord od But to Ar to our nt ha TY | 


— 


ere 


— 4 


a Y WEE of t 
mentioned Simon Sᷣte vin, compoſed for the yr of Prince Mawr ive. | 
ng treated of {ailing on 
a great cirele, and ſhewn how to draw Herban el the rhumbs on 
globe, ſets down Wrigbi's two tables of latitudes and of rhumbs, in or- 
— to deſoribe thoſe lines more accurately; and in an Appendix he com- 
mends Hues, ſhews a miſtake committed by Nonins in relation to the 
thumbs, and pretends to have diſcovered an error in Wright's latter table; 
but Fright himſelf, in the ſecond edition of his book, has fully anſwered. 


" all Stevin's objections, demonſtrating that they aroſe from his Sela 


= the learned WAllebror ds Snellius, Profeſſor of ihe Mathe- 5 
maties at e publiſhed- his Typhis Bataviis * a treatiſe” of navigation 
on Wright's plan, written ſomewhat obſcurely. In the introduction are 
ani, Mercator, Stevin, Hue, and Wright. | 
performed by out artiſts on this ſubject, is not there particu- 
improvements made by the others; it has hap- 
pened that ſome have — Wright's principal diſcovery to this au- 
Thus #bert Giraru, who, in 1634, publiſhed a French tranſlation 
of Stebimn's Works with notes, in one of them obſerves, that Snelllus ha 
calculated, what: he calls, Tb Canonica Paraliriit un, to minutes as 
fur às 70 degrees ; whattas Wright had ſet forth in 1610 ſuch a table ſo 8 
culzted to 89 degrees 59 minutes; notwithſtanding which Mt dl. 
Dani, in the Memoirs 6f che Ro) 
treating of the Corretted 
But the French writers Fs "now rue 
tryman to have been its author +. i 
 Snellins was followed in Holland by Ain ann i 
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, NAVIGATION. wi 
MI. Vi in the tach chapter, having ſhewn how to find the place 
bea ſhip on his chart, obſerved, the ſame might be performed more ac= 
* curately by calculation ; But conſidering, as he ſays, that the latitudes, _ . 
and efpecially the courſes at ſea, could not be determined fo preciſely, he 
© Forbore ſetting gown particular CO} as the mariner may be al- 

towed to fave HAAſelf this trouble, an ju mark out upon his chart, M0 

when truly conſtructed, the ſhip's way after the manner then uſually f 


practiſed. _ * | : 5 
However, in 1614, Mr. Raphe Handſon,. among his nautical queſ- 


tions ſubjoitied to a tranſlation of Pitiſcus's Trigonometry, ſolved. very 


* 


Aiſtinstly every caſe of navigation, by applying arithmetical calculations 
to Wright's table of latitudes, or of meridional parts, as it hath ſince been 
And beſides, though the method Wright diſcovered for determining the 
change of longitude by a ſmip failing on a rhumb, is the adequate means 
of performing itz Hand/on propoſed two ways of approximation for that 
8 the alſiſtance of Mrigb's diviſion of the meridian line. 
he firſt was computed by the arithmetical mean between the co- ſines 
of both latitudes ; the other by the ſame mean between their ſecants, as 
an alternative, when Mrigbi's book was not at hand, though this latter is 
wider from the truth than the firſt ; and farther he ſhewed by the afore- 
aid calculations, how much each of theſe compendiums deviates from the 
truth, and alſo how erroneouſly the computations on the principles of the 
>: plain chart differ from argen g | . | 5 
here is another method of approximation, by what is called The 
Middle Latitude 4, which, though it errs more than that by the arithme - 
Xx tical mean between the co-ſines; yet being leſs operoſe, is that generally _ 
"* uſed by our ſailors; notwithſtanding the arithmetical mean between the 
= logarithmic co-fines, equivalent to the geometrical mean between the co- 
_ fines themſelves, had been ſince propoſed by Mr. John Baſſat t, which in 
High latitudes is formewhat preferable. ON SE OE SR 
| The computation by the middle latitude, will always fall ſhort of the 
tte change of longitude ; that, by the geometrical mean, will always 


9 . exceed ; but, that, by the arichmetical mean, fall ſhort in latitudes above 
48 degrees, and exceed in leſſer latitudes. However, none of theſe me- 
-# —thods, when the change in latitude is . ſufficiently ſmall, will deviate 
= greatly from the real change in longitule. 
About this time logarithms] began to be introduced into the practice 
of the mathematics; and as they are of excellent uſe in the art of nayi- 

_ gation,” we ſhall here ſay ſomething about their original „ 
pe: heſe were. invented by 7ohn Napier, Baron of archifloun in Scot- : 
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Po GG UCC LE” 
1 Gunter's works, firſt printed in 1623 


1 About 1630, in a dialogue which was ar offer the author's death, 


courſe, he applies his compendium to the three rincipal problems in ſailing. 

0 4 The foundation of in is.a Be of Ns Kriss of dec -10Y 

in arthmetical, the other in geometrical proportion; which property is declared e 5 
in his Krenarius. F DTT og, 


- 


: 


Cd * 2 Eur — —— 
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- 
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poli DISSERTATION: on, ran, RISE, bc. 
| Land, as appears from his treatiſe, intitled, Miriſici Logarithmorum Canonis 


» 
-_ 


from the obſervation **, 


gi 8 9 9 


* G 


: 


A 


Deſcriptis, firſt 3 1614 *, Soon after, the author communicated 
to Mir. He:=ry Briggs, Profeſſor of re, at Greſham college in Lon 


den t, another form bf logarithms ; with which Mr. Briggs was ſo well 
pleaſed, that he immediately ſet about computing a very large table f 
them, which he publiſhed in 1624, with his Arithmeticu \Logarithmica f. 


But in the mean time, as a ſpecimen, he printed in 1617 a few copies for 


— 


oufand natural numbers. 


Prom this table Mr. Edmund Gunter, Mr. Briggs's colleague in Aſtro- 


- nomy, computed one of artificial fines and tangents to every minute of 


the quadrant, which he publiſhed in 1620, being the firſt of its kind}. - 
And when he made an edition of his works three years after, both the * 


tables were ſubjoined to his book. 


1 


There he applied to navigation, according to Wright's table of meri- 


| dional parts, as well as to other branches of the mathematics, his ; ad- | 
mirable Ruler $, on which were inſcribed the logarithmic lines for num 


bers, and for fines and tangents of arches. | 


* 


Sector for the ſame purpoſes. And he ſhewed how to take a back ob- 
ſervation by the crof8sſtaft, whereby the error, ariſing from the excen- 


tricity of the eye, is avoided ;-deſcribing likewiſe an inſtrument of his 


invention, named by him a Croſs-Bow, for taking altitudes of the Sun or 
ſtars, with ſome contrivances for the more ready collecting the latitude 


- 


The diſcoveries relating to the logarithms were carried to France by 


Mr. Edmund Wingate, who, going to Paris in 1624, publiſhed in that 


In 1619 was made, after the author's death, a ſecond edition, with hie 
farther improvements in Spherical Trigonometr 7. hed e e 


— 


4 


..+ He was in 1619 appointed by Sir Henry Saville, his profeſſor of geometry bh 
ho Adrian Vlaeg made an edition of this book at Tergou, in 1628, where the 


table of logarithms was continued by him to one hundred thouſand numbers, 


though the logarithms themſelves are but to ten places, whereas in Briggs 

book they were to fourteen. Some copies of Vlacg's tables were Cabblaked 5 

by our bookſellers, and publiſhed at London, with an Engliſh explanation pre- ; 
bg 5 , | 7 N = oy bd 


miſed, dated 1631. 


©} Vac alfo publiſhed, at the ſame place; in 1633, his Trigonometria Aub. 
cialis, with tables of logarithmic fines, and tangents to every tenth ſecond of 
the quadrant. Vlacg's tables have a great reputation for their exactneſs, as 


Sherwin's firſt edition in 1706, and Gardiper's in 1742, have amongſt us. 


M. de Fontenelle, in the Hiſtory of the Academy of Sciences for 1717, com- 
mends an edition of Ylacg's ſmaller tables, made at Lyons, in 1670, as does 
de de la — wk in his Aſtronomy, printed at Paris, in 1764, tables publiſhed 
"4 jere in 1760. Ons . IFRS - | „5 oy F + 
5 6 This Ruler is ſo conſtantly in the practice of our artiſts, that it has got by” 
the name of The Gunter. FCC 


publiſhed in 1598. 


This ingenious perſon died 1626, aged 45 years. His works have been 
ſeveral times reprinted with ſucceſſive additions; the ſecond edition was made 


in 1636. from his own manuſeript; then from thoſe of Mr. Samuel Forfter, Pro- 


feflor of Aſtronomy at N College; again by Mr. Henry Rond, and Mr. 


"William lola, The flle and if being-th ff, vag fz. 
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- own uſe and that of his friends, of a very ſmall one, not exceeding a 


He alſo greatly improved the 
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8 40 yd 9298 1 in.” Fr "hd . * „37 them both to Gofton; 


"I ing“, "bro er n. the firſt he teaches the uſe of Gunter's 
1 Ruler, an In K 05 h Ergo of. the fables. of logarithms and artificial fines and 
HK tan 8 as rh apier's laſt form, attributed by Min ; 


zodelled accorgineto 
= gate to * Ki ahi 19 5 No 956 as appears from the dedication of 
FF MNapier's R p NASA paths 8 6, 6, ang from what Mr. Briggs IT: ; 
IF tug in he Þ 115 25 his Arithmetic, Logarithmica.. | 
10 Ne rend Mr, 5; le ughtred projected this Ruler dne a cits 
a arch; A fullyalts uſes, 115 a. treatiſe firſt printed in 1633, 
intitled ed; T. be. Gel es of Proportion, „ Where, in an Appendix, are well 
han 59 ſeveral important points, * gy, INE It has been made in 
the form of a Sliding Rater, See Seth Partriage” s uſe of the ns ſcale 
56 166k 2. W e 
As by the lo rarithmic tables all trigonometrical eulogy are great= 
Iy Knee 0 the firſt author, who, J find, has applied them to the 
ſes of (aj ſing, was Mr. Thomas Addiſon, in his treatiſe, intitled, Arith- 
eat Navi, ation, printed in 1625. He alſo. gives two traverſe tables 
With their ofe es, the One to quarter points of the ppi, the other to 
deg - 

r. Henry 'Gellirand, Mr. Gunter's ſucceſſor at Graben College, 
püßbliſhed his diſcovery of the changes in the variation of the compaſs in. 
a: 20 ol arto be intitled, I Diſcourſe Mathematical on the Varia- * 
tion e Needles, printed | in 1635. This extraordinary phe- 
bande found out by comparing the..obſeryations made at different 
times near the ſame 55 by Mr. Burrough Mr. Gunter, and himſelf, 
all votes of great ſki 225 experience in theſe matters. And this dil. - 
covery'was ſoon known abroad +, for father. Athanaſius Kircher, in his 
- treatiſe intitled Magnes, firſt printed at Rome in 164 L, ſays our country- 
man Mr. Fohn Greaves had informed him of it, and then, gives a letter of 
* the famous Marius Merſennus, containing a very diſtinct account thereof. 
1 Cd had been famous for the part he bore in the Trigonometria 
Britannica of his deceaſed friend Mr, Briggs, which was printed i in 1633, 
2 at: Tergon, under the Care of Adrian Hlacg. Gellibrand alſo, in 1635, 
publiſhed in-Englib an Inftitution Triganometricall. 5 , 

In 1631 Mr. Richard Norwood had publiſhed an excellent treatiſe of 
Triganiometry, adapted to the invention of logarithms, particularly in ap- 
plying Napur's eneral canons 1. The. author having, as he ſays, ac- 

tired his Knowledge in the mathematics 2t fa. 9 eſpecially ſhewed 
the uſe of Krigofiometry | in the three ee kinds of navigation. And 
65 208 toward the farther improvement of that art, he e a laborious f 
8 2 ſot " kamining the eiten of the bog-line.., et | 
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.» 7 were 1 e at 3 in, 1 with venere 3 

= '+ In rhe Hiſtory of the Royal Academy of Sciences at Paris for 1712, p. 19, 

it is aid by M. 4% Fortenelles that the learned Peter Gaſſendi was the principal 

_ diſcoverer of this property ; but Gaſſendi himſelf acknowledged that he had 
before received inform. gon of e diſcoveries. Gaſſend Oper. vol, ii. 

pol, Ludg. 16583. | - : 

1 A very advanta _ . t of ir, was made by M. Ae at a mecting, | 

1 - in 1668, of the Academy.v/Du Hamel, Hiſt. Acad. Scient. p. 51. 1701. 

J From a ſailor he eros atcachery ſtyling himſelf before his his books, A 
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2 xx DISSERTATION « on Tie RISE. . | 


_ account; which cannot be calculated wi 
_ of the earth. Hence he was led to pr arent wall methods for findi 


; et above the viſtble horizon; to coll, 


As altitudes of the Sun are taken on ſhip-board, b obſerving his cle, 
Ty Pr thence the Sun's true 
altitude with correctneſs, Wright obſerves it to be nee y, that the 
dip of the horizon below the 5 erver's eye ſhould be brought i into the. 


hour Knowing the magnitude 


his; but complains, that the moſt val was out of his power 


execute; and therefore-contented bimeif my 2 rude attempt. in fone 1 


meaſure ſufficient for his purpoſe: and the dimenſions of bene de- 


2 


the Earth, with the true length of the d 


duced by him correſponded ſo well With the uſyal diviſions "of the 7 5 
line, chat as he wrote not an * treatiſe on navigation, but only far 


the correcting ſuch errors as prevailed in general practice, the log-line. 
did not fall under bis notice. But Mr, N. Norwood, for regulating this in- 


. » ſtrument upon genuine principles, put in execution the method Mr. 


Fright recommends, as the moſt perfect for meaſuring the dimenſion of 
egrees of a great circle upon it; 


| anc, in 1635» aQually meaſured the diſtance between Londen and Tf; 
from whence, and the ſunimer-ſolftitial altitudes of the Sun obſerved on 


che meridian at both places, he found a _—_— on a great circle of the 
Earth to contain 367196 Enxgliſh feet, equal to 57 300 French fathoms or 
toiſes, which is very exact; as appears from many meaſures, that have 


been made ſince that time. 


„ 


 thod of ſetting- dotun and perfetting a Sea: | a 
; beſides, ſhews how to rectify the courſe, by * e . 1 1 4 


5 h Epitome, _— Fr performance 
editions. 


Of this affair Mr, Norwood gives 2 full and clear account iy ho 4 trea- b 
tile, called The Seaman's Practice, firſt publiſhed "i 


in x .. "Ther with 
| unaffeed modeſty, he apologizes fo r the hardineſs of 779 by 


a private 82 8 8 
undertaking ſo OO a talk" and very cautiouſly points out the true 
reaſon, how ſo great a mathematician as Fnellius had failed in his at- 
tempt. He alſo ſhews various uſes of his diſcovery „particularly for cor- 
Tecting the groſs errors hitherto committed in the 2 


viſions of the log- line. 
But ſuch neceſſary amendments have been little attended to 8 = 
whoſe obſtinacy in adhering to invererate miſtakes has A 7 5 ; 
complained of by the beſt writers on navigation. This 1 im $ 


at length, however, made its way into practice: few navi 


tation uſing now the old meaſure of 42 feet to a knot, - F 


Farthcr, Mr, Norwood likewiſe there defcri 
table, which method he had followed and 


being conſidered ; as how to difcover Ping nd to "mak prop 
allowance on their 4, on 


This treatiſe, and that of Trig encinetry, xinted,” 3 7 
the principal banks for learnin Tr igenenetry, we path y "8 
he had delivered, eſpecially i ug the latter of tem, concernin n this ub 5 * | 53 
5 ject, was contracted as à manual for- b = 


No eee were ever made in The ei 3 4 the 2 
edition, 1 by 1676, after the author's: deceaſe, there began to be 


inſerted, at 59, the followin; paragraph in à ſmaller character 
[About the year 572 N * 


„ Monſuur Picart has publiſbad am ccsunt in F reneh, 
e the n me "oh h * ds 7 4 ay wheredf of may be ſeen in „. 
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cent 3018 Engliſh fert, nearly agrieing to Mr. Norwood's experi- 
= 2 And t us mene is continued in the ſubſequent editions, 
28 fad it in one printed fo lately as 1732, 5 C 

" Nortweed's meature, therefore, though it was not known to the great 
Sir Jadt Newton in * youth, was not buried in oblivion, on account of 


pleaſed to lay on the contrary, it has been conſtantly commended by 


is continued amengſt our ſailors to this day; by Mr. Henry Phillips in 
his Geometrical Seaman in 1652, and in his Advancement of Navigation in 
1657.; by Mr. John Collins in his Navigation by the Plane Scale, in 1659; 
by the reverend Dr. Jobn Newton in his Mathematical Elements, in 1660; 
Mr. Fohn Seller in his Practical Navigation, in 1669; Mr. John Brown 
in his Trianghlar, Quadrant, in 8 e | | 


for when King James, in 1690, honoured the obſervatory at Paris with a 
viſit, he informed the- gentlemen, then. preſent, of this meaſure of the 


But that it was not commonly known in France is no wonder, ſeeing 
our books were not then ſo much inquired after as at preſent by that polite 
and learned people. n | | ; 


Fee Micrographia, qu'il off tcrit en une langue que peu de perſonnes. 


faid of the Engi/b tongue, that it was une lang ue gue tous les vrais ſavans 
devraozent ſavoir. And now, as Norwood is taken notice of in the latter 
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meaſure is Een by M. de AMaupertui t, in the preface to his Treatiſe of 
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tang; and! Nerwoed is mentioned by two learned Spaniſb ſea officers, 
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n 

the French mathematicians, ſent to meaſure a degree near the equator. 
„About the year 165 Mr. Bond publiſhed in 1 

8 tovernent in J/7:ght's method, by a property in his meridian 
ine, hereby its diviſſons are more ſcientificall Led, than the au- 

thor Himfelf was able to effect; which was from this theorem, That theſs 


diviſions are. analogous to the exceſles of the logarithmic tangents of balf 


us. 
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* Eigmen: de hi Philoſepbis 1 Newton, ST — . at Pani is 2 8. 
Du Hamel, Hiſt, Academ. Regal. Scient. 5 „ 75 ; 
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Tranfadtions, N* 112, wherein he concludes one degtee ta 


the, confuſjons. oecaboned by our civil wars, as N. de Voltaire has been 


aur writers on navigation: as by Mr Henry Bond, ſoon after its pub- 
lication, in a note at page 10% of the Seaman's Kalendar, which ancient 
book he reprinted and improved, whoſe uſe, through numberleſs editions, 


And in the Philoſophical Tranſactions for 1676, Ne 126, there is given 
a very particular account of it. Nor had it eſcaped the 4 95 notice; 


Earth ; and upon their acquainting his Majeſty how that had been de- 
termined by Mr. Picard, the King wiſhed the two meaſures might be 


In the Journal des Sgavans for December 1666, it was obſerved of Dr. | 


exe Judi, and D. Artonio d Ullaa, in their Voyage printed at Madrid 
1%, Which was undertaken, as they were appointed to accompany 


orwosd's Epitome a verx 


the as eons latitudes augmented by 45 degrees above the logarithm of | 


4 


. entendent ; but long after, in the ſame Journal for February 17 50, it is 
editions of Sir Iſaac Newiofs Principia, his name and merit indeed are 
become unixerfally known. Inſomuch that a particular account of his 


+ the figure of the Earth, printed at Paris in 1738; wherein he deſcribes; | 
by. | his method of determining the length of a degree on the Earth in . 


% 


* 


- neral theorem, That the degrees of latitude bear to 1 degree (or 60 mi- 

nutes, which in Mrigbiò table ſtands as the meridional parts for 1 de- 
gree) the ſame proportion as the logarithmic tangent of half any latitude. 
augmented. by 45 degrees, and the radius neglected, to the like tangent 


* <4 
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bet 


: 


- edition of the Saman ! Kalendar,,p. 193, he declared, he had diſcoy 
the Jongityde, by WA found out the tfue theory of the magnetic. varia- 
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E from 45 upward increaſe in the 
e 


rule for computing the meridional parts tid down to two latitudes 
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| 2 Gregory of Aberdeen, in his 


1 


of Gunter's works, printed in 1653, where, after obſerving that the J: 


4 


. 


expreſſes it) that the ſecants added 1 do, if 


be accounted as one whole degree of Mercator's meridional. line.; bis 


(ſuppoſed on the fame fide of the equator} is laid down to this effect; To 
take the logarithmic tangent, rejecting the radius, of half each. latitude 
augmented by 45 degrees, and dividing: the difference of thoſe numbers 
by the logarithmic: tangent of 45 30% the radius being likewiſe re- 


jected, and the quotient will be the meridional parts required, expreſſed 
in degrees. And this rule is the immediate conſequence from the ge- 


of half a degree augmented by 45 degrees, with the xadius likewiſe re- 


jected. _ | 
But here was fart 


ſcientific determination of the'divifor, by 


ſphere upon the plane of the equimoctial; which the excellent Mr. Roger 


. 


Cotes has rendered Rill more ſimple, in his Lagometrio, firſt publiſhed: in 


the Philoſophical Tranſafions for 1714, Ne 388. 


It is moreover added in Gunter's book, that if 2; of this diviſor (which 


does not ſenſibly differ from the logarithmic tangent of 45 1/ 30” cur- 
dailed of the radius) be uſed, the quotient will exhibit the meridional 


parts expreſſed in leagues : and this is the'diviſor ſet down in Narwood's 


Epitome. 4 


After the ſame manner the meridional parts will be found in minutes, 


if the like logarithmic tangent. of 45 o' 30” diminiſhed by the radius be 


rithmic tables conſiſt of eight places beſides the index. 


* 


— 8. 


This Mr. Bond, who introduced ſo uſęfuf à diſcovery into the art, was 

a teacher of the mathematies in London, 'and employed to take care of 
and improve the impreſſions of the current treatiſes of aura. In an 
had diſcovered 


den; and to gain cache to his affertion, he. forced, that, ar Londen in 


1657 there would be nd variation of the compaſs, and from that time it 5 


Wia Syſtem 4 the Mathematicks, p. 208, printed at London in 1681. \Perkins*s 


book was pu 
Tut f 
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ory 


liſhed by itſelf followings. undez 
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fame manner (as 


eyety, half degree 


er wanting the demonſtration of this general theb- 
rem, which was at length ſupplied by that great mathematician, Mr. 

| 99 Geometrice, printed at 

andon in 1668; and finee more conciſely demonſtrated; together with, a 

ifo Dr. Haller, in the Phileſophizal, 

Tranſactions for 1695, N* 219, from the conſideration of the ſpirals into 

which the rhumbs are e in the ſtereographic prqjection of the 


1. : 
* 
* 
* 


e See Mr. Perbins's Treatiſe of Nowigation i Vol. I. of Sir Jolas Moore's 
: Litle of the Sem 
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ef NAVIGATION. n 
Again, in the Philoſophical Tranſactiums for 1668, N* 30, he publiſhed 2 
table of the variations for 49. years tncomes. . 
This joyful news to all failors acquired Mr. Fend a great reputation; 
„ inſomiuch that the. treatiſe he had compoſed, called The Langitade found, 
was in 1676 publiſhed by the fpecial command of King Charles the Se- 

- cond,” and aſhered into the world with the approbation of ſeveral of che 
moſt eminent mathematicians of that tim. 
Hut it was ſoon oppoſed, there being publiſhed at Landam a book in 
1678, called The Longitude not found, written by Peter Blackborrow, 
And indeed as Boxd's hopotheſis did not in any wiſe anſwer its author's 
ſanguine expectations, the famous Dr. Halley again undertook this affair; 
and from a multitude of obſervations he would conclude, that the mag- 

- netic needle was influenced by four poles. His ſpeculations on this ſub- 
ject are delivered in the Philoſophical Tranſaftions for 1683, Ne 148, and 
for 1692, Ne 195; But this wonderful phenomenen ſeems to have hitherto 

JJ on OO Te 
However, that excellent perſon in 1700 publiſhed a general map, on 

which were delineated curve lines expreſſing the paths, where the mag- 

- metic needle had the fame variation. This was received with univerſal 

_ applauſe 4,'as it may lead to ſome diſcovery in ſo abſtruſe an affair, and at 
preſent be uſeful on many occaſions in determining the longitude. "The 
poſitions- of theſe curves will indeed continually ſuffer alterations; but 

then they ſhould be corrected from time to time; as they have been 
for the year 1744 and 1756, by two ingenious perſons, Mr. William 
Mou ntaine and M. James Dodſon, Fellows of the Royal Society. The 
latter died not long after he had been choſen, for his merit, mathematical 

_ maſter, at Cbriſts Hoſpital, in London. i 3 
Dr. Halley alſo gave, in the Philoſophical Tranſactions for 1690, 

Ne 183, a diſſertation on the monſoens, containing many obſerva- 

—_— - _ very uſeful for all ſuch as ſail to places that are ſubject to thoſe 
The true principles of navigation having been. ſettled by Wright, 
Norwood, and Bond, many authors amongſt” us trod in their ſteps, mak- 
ing ſome little improvements. It would be impoſſible to enumerate each 
particular. Of the writers already mentioned, Phillips and Collins, in 
the title pages of their books, declare what they aimed at; Phillips alſo, 
in his tract called the Advancement of Navigation, recommends; a pen 

dulum inſtead of a half minute glaſs, to eſtimate the time the log-line is 

running out. He alſo propoſes to do the ſame thing by wheel-work. - 

Beſides, in the Philhſephical Tranſattions for 1668, Ne 34, he delivers a 
better method to determine the tides by than what was commonly ptactiſed; 
for which purpoſe Mr. John Flamfleea, the Royal Aſtronomer, ſtill gave 

mote perfect directions in the ſame Tranſactions for 1683, N* 143; as 


* 


——— 


la the PhiloGphical Tranſa&ions for the ſame year, No 130, it is laid, the 
Lord Brounker*s name was inſerted by miſtakke. 2 IE INN Fo 
F It is particularly commended in the Hiſtory and Memoirs the Royal 
Academy of Sciences at Paris, for the year 1701, 105, 1706, 1708, and 4 


I 


2 See alſo Mr. Robins's Reflections in his Introduction to Lord Anjor's 


8 


1 oyage round the World, made in 1743, &c. as alſo in the ninth chapter of 
dae firſt book, andeighth of the third. „ 
8 Nn 3 | I 1 


8 


” 
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e DISSERTATION Im RISE, Re: 
1 © likewiſe be firſt ordered à glaſt lens to be fixed. on the ſhade vane, ix 
= whats is called Davits quadrant which contrivance Dr. Robert Bae 
Nero Geometty at Gram College, had-before thought of . 
3 «Seller's Rractital Navigation, though without demonſtrations, has beg 
= - ; rules-of failing/in the different kinds, as performed by calculation, by the 
Plane ſcale by we Cum andiby the ſinical quadrant, wich various other 

matters relative to the art; as 110 the uſe of the azimuth-compaſs aas | 
nom modelled, the ring-dial, the ſea · ring, croſs- ſtaſſ. Davis s quadrant, 
85 plough, gh, nocurnal, inclinatory needle and globe, together with all the ne- 
-- cellary tables "the whole being delivered in a manner ſo well adapted to 
tze general humour of mariners, that it has undergone numberleſs edi= | 
tions: the laſt, I have ſeen, was in 1739 3 but ſome late writers ſeem to 
have abated the run of this book. wo 
As in ſailing eſpecial: regard ought 60 be had ta the habe 
makes, ſo many authors have touched upon this point; but the. alles: 
' _ ances uſually made on that account are very ee ſet down by Mr. 
Fobn. Buckler, and publiſhed in a ſmall tract firſt printed-in 1702, 1 M5 
© JAs\New'Compendium of 'the _ rt of eee written * * 
" Willam enen... 5 
Me oüͤgzt not here to paſs over.in — the very uſeful Ante of. 

Dr. Gowin | Knight, which is the making artificial magnets, that are. of 
graater efficacy than the natural ones. Though the Doctor has not 
thought fit to reveal his ſecret; ed vets others have found it out, who have. 
made it public, particularly John Mitchel, and Mr. Jun Can- 

tom the firſt in à treatiſe of — 24 ets, printed in 17503 e | 
other in che Philoſophical Tranſaftions, vol. XLVII. Ain. 179 1. 
I me Earth being now univerſally agreed to be not a perfect globe, u. | 
a ſpheriod, whoſe! diameter at the poles is ſhorter than any other 3 the 
Rev. Dr. Patrick Murdech-publiſhed a tract in 1741, whete he 2ccom-. 
modated Wright's ſailing to ſuch a figure; and Mr. Colin. Meclaurin, be 
ame year, in the Philoſophical Tranſact ions, Ne 461, gave a rule to de- 
ttermine the meridional parts of a ſpheriod, which ſpeculation he farther - 
____ _ treats of in his book of F:uxions, printed at Edinburgh, in 1742. 
Thongb Sir Jſaac Newten' in his Principia, firſt; printed in 1686, had. 
 demonſtrated-from the theory of gravity, that this muſt be, the real form 
of the Earth, as it revolved about an axis; yet in the year 1718 M. C 
ini again t undertook from / obſervations to ſhew the contrary, and hat 
the Earth was- a ſpheroid, having its longeſt diameter paſſing througb its © 
poles ;\ and in 1720 M. de Mairan advanced arguments, ſuppoſed to be 10 38 
ſtrengthened by geometrical demonſtrations, to confirm farther M. Ca 
Li Alen, But in he Fee elbe ai lot 176, N 30% 0 
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„% See the above: Wer Pe Navi ation, pa e 150. 
FE See / Biſnop  Thomar Sprat's excellent iſtory of the Royal. e 
wn „ page 246: and Hook's. Poſthumous Warks, Pepi by Richers . e 

_— 2 n 785. 557 

; WS. - emoirs of the. Royal Academy. of Sciences, at Paris, his father 
. 17086 and he in 17 13, axtempted | to. prove the Earth, was an oblong ae 4 


- "+ M. Jobs Bernoulli in his Eſſei Zune Neapel Pine ca, fe, printed. at 
Paris in in 1735, triumphs over Sir l/aac Newton; vainly i e. theſe nw. "mp 
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= Father- Millet Decballes wrote on this e ee after a more maſterly 
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, 298, Dr. Defaguliers publiſhed. a diſſertation, wherein he made ap- 
— weakneſs of the- reaſoning, and the inſufficiency. of the obſerva- 
tions, as they were 3 d, to ſettlè ſo nice an affair. He there alſo. 
eo! - proper meth for adjuſting this point, when he ſays, If any 
' coſeguance/of this kind-could be drawn from actual meaſuring, 4 degree of 
latitude; Hund be meaſured at the equator,” and a degree of longitude likewiſe 
neaſured there; and a degree very northerly ; as, for example, a whole degree 
might be'afinally meaſured-upon the Baltic. ſea,. when frozen, in the latitude 
of oxty degrees. There, according to M. Coffini's laſt ſuppoſitron, a degree 


= would be $6653 toiſes;: whereas: at the equator it would be of 58019 toiſes, 


ortieth part of a degree, 


. the difference being 1366 toiſes, about the two-and- ; | 
which muft be ſenſible; an [ likewiſe the degree of longitude would, according 


- efilatitude at the ſame place. e 
On this admonition, in 1735, there were fent from France two ſets ol 
-- mathematicians, members of the Royal Academy: of Sciences; one to- 
wards-the. pole, the other. to the equator, in order to meaſure, at each 
place, the length of a degree on the meridian. The report they brought 
home; quite overſet what had been urged in favour of the oblong figure; 
a degree towards the north, in the latitude of 66? 20% being found to con- 
tain about 57438 toiſes, and near the equater but.56750. 
This unweleome news cauſed a degree to be again meaſured in France, 
- which at length came out to be conſonant with thoſe which had been 
brought from very diſtant parts of the world. Thus theſe mathemati- 
cians confirmed by painful obſervations, what Sir aac Newton had, as 
M. de Maupertuis uſed to ſay, determined in his elbow- chair; Sir Iſaac 
making the length of a degree under the pole to be 57382, and at the 
equator 56637 toiſes. And perhaps no obſervations can be exact enough 
to determine this matter more preciſelx. . SL 
But let us mention ſome of the foreign writers on navigation. 
At Nome, in 160%, came forth a treatiſe, intitled, Nautica Mediterra- 
nea, written in Italian by Bartdlemew Creſcenti, the Pope's engineer. 
The author miſſes no opportunity of expoſing the errors of Medina; but 
ſcarce gives Ae of his own, except a. machine for meaſuring the 
A he Jelvits haye treated of moſt branches of learning, ſo this art has 
not been beneath their conſideration; the three following authors having 
At Paris, in 1633, Father George Fournier, publiſhed an Hydrograp by, 
principally relating to navigation. The author would perſuade us, that 
one of Diane had corrected the plane chart; and that the Hollanders 
learnt of the French the making charts fo corrected ; whereas this had been 


— 


% = aß e long before at Amſterdam, by Jodocus: Handius, and others. 


- Fabn Baptiſi Riccioli, in his Geographia: & Fhdrographia Reformata % 
printed; rs x Si an 1661, inſerts a treatiſe of navigation, collecting his 7 
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manner, both in his Curſus Maar hemqtieus, firſt printed at Lyons in 1674, 
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7 materials from almoſt every writer as he does in his Aimage/t-and-Chrono- 
"1 U which is indeed the chief merit of his works. e 


| 3 0. bim, be of $6817 toifes, leſs by 1202, or the forty-eigbib part, than a degree 
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| wi DISSERTATION ov Tis RISE, &. 
: © Theſe three authors, beſides treating of the different kinds of falling, 
abound in methods for taking of altitudes, finding the variation, and 
cee.̃ſtimating the way a ſhiß makes, c. They alſo deſeribe à machine re?! 
3 ſembling that of Creſcenti. Nicrioli gives a very faulty meaſure of the N 
|  _  » Earth, made by himſelf; and Dechalles: adviſes: the uſe of -#\peridulum in © 
|. + - reckoning by the log-line, as alſo df wheel-work for the fame purpoſe, » XX 
a I ne 2 Phillip and Cle had done. ” TOES ; 8 TG eee ee N R * 
3 But there were writers in France between Fournier and Dechalles.: For 
1 | in 1666; and the following years, there were printed at Dizpp# feveral 8 
tracts handling different parts of navigation, compoſed by M. G. Denys, & 
wich have been oſten reprintdg . 8 
And in 1671 the Sieur Blondel S. Aubin publiſhed a book called. 
TL uri de Naviger par le Quartier de Reduction, deſcribing an inſtrument * 3 1 


Px; 


* 
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much in uſe none the French failors, by which may be performed; as 
by the ſinical quadrant, the operations of navigation, though not much 
more ſpeedily than by the traverſe table, and not at all ſo accurately. 
He alſo publiſhed in 1673 his Treſor de la Navigation, where the art is 

well treated of, particularly by calculatioss oo 
MI. Saverien, in his Marine Dictionary, printed at Paris in 1758, ſays, 
5 that M Daſſier ſeems to have been the firſt of the French writers that 
\ * - © _ * thewed the uſe of Cunter's ſcales {ichelles Angloiſes] in his Pilote expert, 


* 
ad — 


n 
pO i wh 
— 


* A 
© * . . * r 
2 < 4 2 6 Þ By 
a yt I ns, 
3 8 
_— CT . 71 
Me NN 
r 
6 ” 


„„ Nat on years after, was publiſhed the firſt part of a pompous 
y work, intitled, Le Neptune Frangois, by order of the French king, con- 
ſiſting of ſea- charts, according to Mrigbi's ſcheme, made from the lateſt 
188 obſervations, and reviewed by Meſſ. Pee, Caſſini, and others. As this 
contained the charts of Europe only, there were added others of different 
parts of the world, printed the ſame year at Amſierdam. The whole was 
_ preceded by a diſcourſe of M. Sauveur, who had formed. ſome of the 
. Charts, where he ſhews how to perform the problems of aſtronomy and 
1 navigation by ſcales; which diſcourſe had been publiſhed” by itſelf at 
eo AC” 4 ORE 9 £5 AW L2T „ 0 GOTO 
41 "7 : vn - Fohn ouguer compoſed, by authority, his Traite Complet de la Na- 
—_  vigation, firſt printed in 1698, which was well received, as containing 
moſt of the practices then known; and Father Pezenas, Jeſuit and Royal 
Profeffor of Hydrography at Marſeilles, publiſhed there; in 3733, a tract, 
called, Elemens de Pilotage 3 and at Avignon, in 174 T, A larger work, in- 
titled, Pracligue du Pilatage. This author ſhews how to find the meri- 
dional parts by the"Artificial Tangents, an old diſcbvery amongſt us, de- 
clared ſo long ago as 1645, in Norwood's Epitome © he alſo has been in- 
| _ ___ - duftrious'inv tranſlating ſeveral of our mathematical books into French. 
5 But in 1753 M. Peter Bouguer, ſon of the former, publiſhed a verx 
N elaborate treatiſe on this ſubject, intitled, Nouveau Trait de Nauigation, 
which is written ſenſibly, the author being an excellent mathematician, 
and famous for other productions. He there gives a variation-compals + - 
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2 It is only a kind of ſkeleton of Wright's univerſal map. | 

: Many of- theſe ſorts. of compaſſes have been propoſed at different times, 
. 2s by M. Baache, in the Memoirs of the French Academy of Sciences for 

uw | 1752, Page 377 Captain Cbriſe nber Middleton, in the Philoſophical Tranſ- 
_ actions, Ne 450, Ann. 1738; and Dr. Knight, as improved by the ingenious 
wy Mr. Jobn Status, ibid. Ne 495, Ann. 175ùꝗꝙĩ7djſ. 
| . * 2 5 x 1 IR | 17 8 0 x 4 
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o his on inyention, and attempts to reform the log, as he had done in 
the Memoirs of the Academy of Sciences for 1747. He is alſo very 
particular in determining the junations more accurately than by the com- 

mon methods, and in deſcrihing the corrections of the dead reckoning. 15857 
The excellent aſtronomer, M. de la Caille, in 1760, made an edition of 
M. Bouguer's book, which he ſomewhat abridged and improve. 
In 2566, came out at Paris, a treatiſe, with this title, Abregi du Pi. 

an er be! e , g 

lotage drviſe en deux parties, ou on traite principalement des Amplitudes, des 
Loxodromies, dans Fhypotheſe de la Sphere et de Spheroide, des maries, des 
On p ee ongt dro 
Ihe former part of this book was firſt publiſhed in 1693. Here the 
Whole is improved by M. le Aonmner. ft © . 
Though the Spaniards were the earlieſt writers on navigation, yet they 
were very backward to adopt its improvements. Indeed Antonio L Naies. 
ra publiſhed at Liſbon, in 1628, a treatiſe, intitled, Navegacion eſpecula- 
tiva y praftica; where, 2 the author rectifies the tables of the Sun 
and fixed ſtars, from Tycho Brahe's obſervations, he proceeds no farther 


a. 


in the theory of navigation than what had been advanced by Nonius, as 
= | followed by Ceſpedes. But of late, in 1712, was printed at the ſame place, 


Arte de Navegar por Manuel Pimental; where is ſhewn the uſe of Wrights 
Chart, which, in imitation of the French, the author calls Charta Redu- 
Lida. He likewiſe deſcribes Davis's quadrant, and mentions Norwood. 
and Picard's meaſures of the Earth. In 1757 a treatiſe was printed at 
CLadix, intitled, Compendio de Navigacion para el uſo. de Is Cavelleros 
= CGuardias Marinas, written by the ingenious gentleman mentioned above, 
Don Forge Juan. This is a good performance, delivering very diſtinctly. 
> the ſeveral parts of the art, as now improved. Some things are here 
1 omitted, that uſually occur in books on this ſubje& ; but for the knows 
2 _ ledge of ſuch particulars, references are made to tracts compoſed expreſly 
for the uſt of the ſociety of gentlemen, deſtined for the ſea-ſervice. + 
wth * Bouguer and Forge Juan, deſcribe and commend the method of divid- 
ing inftruments for taking of angles, publiſhed by Peter Vernier, in 2 
x treatiſe, intitled, La ConflruStion, Sc. du quadrant nouveau; printed at 
1 Bruſſels, in 1631. This diviſion is an improvement of that of Curtius, 


zs that of Fererius is of the diviſion by diagonals *, and readily follows 
* from the firſt Lemma of Clavius's treatiſe on the Aſtrolabe +, as has been 
obſerved by P#zenas, in a book he publiſhed at Avignon in 176 55 intitled, 
Aftronomie 0 RR n 
As to thoſe Who have treated of Wright's chart, I mentioned above Snel- 
lius and Metius. - To an edition, in 1665, of Vlacg's ſmall tables of loga- 
rithms, &c, is added, by Abraham de Gruel, one of the meridional parts, 
whole uſe he ſhews, with other parts of navigation, in his Courſe of Ha- 
thematics, written in Dutch, and printed at Amfterdam in 1656: the fame 
was done by Fobn Viret, in his Flambeau reluiſſant os Threſar de la Ma- 
_ vigation, at the ſame place, in 1677. %%%%Cͤͤ˙ % 8 
The Dutch are great navigators, and have been famous for their M. 
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1 * See Mr. Rabins's Mathematical Tracts, where theſe diviſions are largely 
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155 In his Aftroneomia Carolina, in 166114. 
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2 Na, a TY have heard Dr. n who had uſed the. 


x 7 HAY would be avoided, if from time to time the latitude and | 


| lngitude could be determined. The firft is generally obtained by the. 


rheridian altitude and declination of the Sun being given. Ihe declina- 


nl is go by the help of tables of the Sun, with an caly ttigonometrical 


deen che latitude could not be very exact, before the famous Kepler 
mad determined the true form of the Earth's orbit . Hence were fabti-- 
Cute his*Tabule Rudolphine. Next, thoſe of Mr. Thomas Street were 


is great requeſt 4. But they, in their turn, yielded to Dr. Hailey s, and 


2gain to. thoſe of the accurate and elaborate Mayer; which, however, 
to be he a hereafter : For, as Sir 1/aac Newton bas ſhewn, 


4 odles mutual ly atttact one another, the Earth will be diſturbed. | 
i 


in 1 motion by the actions of ſome of the other planets. 
Je find the ſongitude is a much more difficult affair. For this end, at 


- wards to ſuch as ſhall beſt” treat of particular ſubjects in mathematics or 


Mrs. Some of theſe haue been relating to navigation, when Pollent, 


 Bernoullli, Bauguer, and othets, have obtained the prizes. And it is hoped, 
- inſtturion may contribute to the advancement of the art.” 


$ of the Moon were uſed of old ; and Kepler recommended thoſe | 


ff 5 un as preferable . 
The ſatellites of Jupiter were no ſooner diſcovered by the great gat. 
Liles F, than the frequency of their eclipſes recommended them for this 


| uecelsful than Signor Dominic Cas. 


3 11 pearances of their eclipſes, with directions Tay finding, thence. 
15 itudes of places; and . invited to Francs by Lewis the Four - 
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reſent, the ſocieties of learned men in Europe offer from time to time re- ? | 


J And amongſt thoſe who attempted. this ſubject, none were more . * 
"His prez aſtronomer in 1 088. publiſhed at Bologna tables 25 — coy 


ie there publiſhed correcter tables in 1693. But che mutual „ 
5 traction of the ſiatellites on one another rendering their motions exceſ- | 
ſively irregular, the tables ſooh run out ; inſomuch that the * a to, 
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58, James Ryund Dr. James Bradley, Moulin the ſon and g 


e e 3: o that nowy many of che common Aunanget 
DEW 5 5 pl. happen throughout the year) <- be 
aL he elynes D. D. out preſent Roy Ae has 


liſhed 3 4 ſince the ot ar i 4 by otder of the W e 
NVuntical Alana ied Aſtronomical 
| Ephemeriss. containing not only the eclipſes of the ſatellites, but. alſo 
y, other tables, to enable the; mariner oy the longitude! at 
ma particular y tables of the diſtances which the Moon's center will haus 
that of the. Sun, and from fixed ſtars, at every three hours, under 
the meridian, 105 the 7 Obſervatory at Greenwich, and which have 
e been copied into en des Fans for theſe latter pare by. 
Kt r of; that Wn : 
arge reward granted by. the ent for a pr actical way of 
1 che longitude at ſea, has put many upon the ſearch: Toſs | 
puck & 5 ſeveral idle and abſurd ſchemes 4 been offered by ignorant 
ng- headed men, But che perfecting the methods prop d long 
age by John Werner. and Gans N d, ſeems at preſent to engage che 
Akte 4 = public, 
be theory of the * though much amended by . ridble Bebe | 
Hrabs and Mic. Forma Horror t, was found to be inſufficient to anſwer 
this end. But the cauſes of her various irregularities having been diſ- 
covered: by. Sir #aac Newton, and her theory thence improved: yond ex- 
peRation, . gave. great hopes of ſucceſs: which have ſince been happily 
fulfilled by means of, the improvements which have ſince been made in 
the 2 of computing the ſeveral quantities of theſe inequalities by 
M. Euler, and Tobias Mayer of Gottingen 9 The former. of thieſe gen- 
- tlemen having been happy in reducing Sir ac Newton's theory into neat- 
analytical exprefſiags, of which the latter availing himſelf, was, by a very 
ſingular addreis of, his own, enabled to bri meg out. the greateſt quantities 
of. the een with 1. and ö ie thenee to conſtrut ks 
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He e Dr. Halley at Grenwich, "where he ade a exeat numb 
of Aﬀrohomical Obſervations, which, as they are moſt accurate, it is hope 
will net be loſt He became famous on 'obſerving and accounting for Fo | 
apparent motion in che fixed: stars, and called their aberration, which was 
inwmediitely- exhibited by the great mathematician Dr. Brook T ayloy. acdord- 

to the exact theory of the arch's orgs. wa) "I Robins” 8 l 
e pl. II- wage 296. 
e E are mac eſteemed.;. th ey e publiſhed at Ses: 
$dlm in the 415 Regii Scientiaram Up/alenfis for the year 1741, but 
ſince.more. corgect from. a new copy of che author's at Paris-in-3759,-by-M.. 
de la Lande. The i ingenious author has rendered them yet more correct, and 
his Jabours on chis head may ba ſeen in the ee des Temps: for 2766, and . 
_ the Nautical Alm lm anac: for (774zand 177 . 

+ This, great genius died in 1641, ſaarce 23 cars old. get his E 
Palbens _pathided by the famous Dr. Jobs Wallis at London, in 1673. 
Honrdx, ft obſerved.the Franſit of Venus over the Sancin 1639. He wrote! 
an account of this Phepemenoy, which was EINE: by as * A” 


Wt at Dantzicy in 166 1. 
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* DISSERTATION bu vr RS E, | c. 
geen t the Modis mito in EVSry phrt bf Her örbſt, a very 
ſing Swactneſs. And this" ingetiious perſon has ſeſt behind im tatfies 
il more exack , for which the Britiſb Parliathent* have' rewarded. bis 
widow with C. 4000; 28 aIfo Mr. Euler with L. 300. 1 tables RE 
1 in 177 by Dr. Maſtehne. 
As to the method of Sean; Friftus, M. Huy har Was 'perfiiaded i 
accom _ A bv his inventions of benduf t clocks and Lache; 
2 deſoription publiſhed in à ſmall tract, printed at the 
Hague, in 16557 1 and of the edu as improved, inthe Journal des" Spa- 8 
vas ſor the month of February, 167 5. And great expectations of ſuc- 
cels had been raiſed from ſome trials made in a voyage with'theſe watches 
af the firſt conſtruction, by Major Holmer; an account whereof is given 
ia the Philoſophical Tian Boos Ann, 1669, But the various accidents 
thoſe movements are liable to, ſoon cauſed that way to be laid aſide. 
- Notwittiftanding which, the ingenious Mr. Sub Harriſon has for 
many years paſt emplo ed himſelf in e a machine, that ſhall 
nice from all- imaginable inconveniencies; and his endeavours were ſo 
well approved of by ee of the greateſt knowledge in theſe ſub- 
Jects, that the commiſſioners for the longitude thought fit to allo him 
. fome'gratifications for his pains. He was afterwards farther conſidered 
upon diſcloſing the internal ſtructure of his r and the. whole red 
ward has ſince been given him by Parliament. | 7 
The difficulty of making obſervations at ſea with ſuſcient” Pane" 
for finding the longitude,” was feared to be inſurmountable ;- but at- 
_ tempts hade not been wanting to overcome it. In the Hiſtory of the 
Royal Society, at page 246, we meet with the firſt mention of an inyen- 


* 


% 


tion in'theſe'words: A new inſtrument for taking angles by reflettion, by 


which" means'the eye atthe ſame time ſees the two objefts both as touching the 
1 though diſtant almoſt to u ſemicirele; which 15" of great uſe = 
making"exa# obſervations ab ſea. A figure of this inftrument, drawn 
Dx. Hut, the inventor, is given in the Doctor s peſthumous works, with 
3 deſcription, at page 503. But here, as one reflection only was 1 

uſe of, i would not anſwer the purpoſe. However, this was at laſt 
effected by Sir 1faac Newton, wha communicated to Dr. Halley, about 
the year 1700, a paper of his own writing, containing a deſcription of 
an laſtrument with two reflections, which ſoon after the Doctor s death 
Wag found among his papers by Mr. Jenes, who communicated it to 
the Royal Society, and it was amen in the Philoſopbical Traute 
actions, N“ 465, An l. 18 8015 100889 t d 

Nh How it happened that Dr. Halley ves meien this in his ic | 
time, is very e ; m—_ John. FRO Efq. 7 bad ae 


* . 
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2 Mr. Hadley being well acquainted with Sir 1/aac, Was, might have | 
heard” him ſay, Hoot's Pp could: be perfefted by means of a double re- 
flection. However, Mr. 
| hit on the ſame thought; as well. as Mr. Godfrey of Penn/ylvania; to whom 
the i invention of this admirable inſtrument has been aſeribed by ſome gentle- 
men of that colony: this is not the only . N Gifferent perſons bare 
. e It REFS 8 * PS 4 
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adley, being a very ingenious perſon, might have 
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in N* 430% Ann. 1731, an inſtrument grounded on the ſame, principles 


Which is ſo well eſteemed; that our ſhops abound with them, accom- 


wocated with Fernier's diviſion, as they are made by our moſt ſkilful 
workmen; and are now in general uſe 
moſt'of the maritime nations, Ws 


- * 


amongſt the ſxilful ſeamen of 
Though Medina's method for finding the place of the horizon was ab- 


| ſurd ; yet, for this end, ſeveral plauſible. ones have been propoſed by in- 


genious perſons, as Meſſ. Elton, Hadley, Godfrey, and Leigh; and that 


_ chiefly by applying a level to Davis's quadrant. Their devices are de- 
ſcribed in the Philoſophical Tranſactions for 1732, 33, 34, aud 37. 


And, laſtly, an Horizontal Top, invented by the late Mr, Serſon, who | 


was unfortunately loſt at fea aboard the Victory man of war, has been ap- 
proved of, and publiſhed by Mr. Smeaton in the Philoſophical Tranſac- 
tions, vol. XL VII. for 1752, part it. page 352. e 


Some methods uſed for obtaining the place of the horizon, and of ob- 

ſerving with Mr. Hadley's Rflecting S2for, are deſcribed. by Mr. Ro- 
bertſon, in his Elements of Nauigation; which treatiſe, has deſervedly met 

with the approbation'of the public, > I 
Thus have I endeavoured to trace off the principal ſteps by which 
the art of navigation has advanced to its preſent height; nor without 
hopes that the attempt may not prove altogether unacceptable to thoſe 


whoſe buſineſs or curiofity lead them to be acquainted with this 90 


uſeful, branch of the mathematics: on the ſucceſsful practiſing of which 
depends, in an eſpecial manner, the flouriſhing ſtate of our county. 
This Diſſertation, written at firſt by deſire, is now reprinted with 


alterations, Though I may be thought to have dwelt too long on ſome 


particulars not directly relating to the ſubject; yet I hope that what is 
ſo delivered, will not be altogether unentertaining to the candid reader. 
As to any apology for having handled a matter quite foreign to my way 

y plead,” that very young, living in a ſea-port town, I. 
was eager to be acquainted with an art that could enable the Mariner to 
arrive acroſs the wide and pathleſs ocean at his deſired harbour. | 
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8 it may be expeRted that four kinds of readers will look DN 
book, it was thought convenient to point out to ſome of them, the 


bars be they may meet with what they more particularly Want. 


Fiksr. Thoſe who having made. a proficiency in the mathematics, 


: , it is likely, examine in What manner. the ſubjects are here treated, 


is recommended that they hgh whole book in 
or, if the learner is very young, he may 3 the IVth and Vn mw 


and whether an thing new is contained therein it is conceived that ſuch 


| readers will bo: Tome. things which may. e — for * n+ 


ble, in almoſt every one of the books, 
. $zconDLy.: Thoſe learners, whore de of being infiruAed Une 


of Navigation in a ſcientific manner; and would chuſe to ſee” the rea- 


| Joni of the ſeveral ſteps they muſt takes acquire Tr To ſuch perfons,. it 


. 


tte reaſon of the rules they work by: As it is probable there ever will 


order they nnd it; 


W after he. is mater of the'VIth and VIIth. 5 


7 { 


\- TrinnLy. That claſs of readers, which, tk or wide mayive 
id, comprehends moſt of our mariners, who want to learn beck the 
Wien and the art itſelf by rote, and never trouble themſelves about 


4 


de many: readers of this kind, they may be well accommodated in this 
5 work z thus, if they are not already atquainted with Arithmetic and Geo- 


5 read to page 35, and as much more as they pleaſe. In book VIII, let 
them tead 
book V, they may read en HL, ak as many problems in the. Vthand 


In the book of Trigonometry, read pages 89, 90, 


try, let them read the five firſt rules of Arithmetic, to page 20; thenge 
proceed to the definitions and problems in Geometry, from page 43 to 58. 


91, 92, 98, 90, and 
from 104. to 114: the whole of book VI. In book ihe VIlth they may 


read the ſections III, IV, V, VI, from page 146 to page 190. In 


VIeh ſecU908 as they can and let TT tead the "wha" of * ninth 


| 4 


* 
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FourTHLY. That ſet of TEN 1 will. not tbe at is pains 5 1 


ing any thing more than how to perform a day's work ; ſuch may, herein 
meet with the practice almoſt independent of other knowledge. Let ſuch 


perſons make theinſelyes acquainted with ſection IV. of book VI, and the 


i: uſe of the table at page 374; then learn the uſe of the Traverſe Table at 
the end of book VII, which they will find exemplified between pages 


8 and 
35, Vol. II; alſo they muſt learn the uſe of the Table of Meridional 


parts at the end, of book VIII. After which, they may proceed to book 

IX, where they will find ample inſtructions in all the particulars-which 

enter into a day's work. But with this ſcanty knowledge of things, they 

_ - will be obliged to omit Foy parts, WR it is well Worth their _ e 
. bs e * 1 
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"SECTION I. . 1 
. and Ffuepkn 5 
F * N | RITHMETICK i is a ſcience which teaches the 5 N 


numbers; and how to compute or eſtimate the value of things. 
2. An Uwi or UN v, is any * conſidered as one. 
1 1 Nunszx, in general, is many units. 
1 4. Diers or Frœunks are the marks by which numbers are de- 
T2 | | noted or expreſſed, and are the — following. 3 
Digi, d. #2. 3. 5. 6. „„ „ 
Name, One. Two. Three, * Five. Six. Seven. Ei aht. Nine. 
And with 'theſe is uſed. the mark o, called cypher „ which of itſelf > 
x | Gands for nothing; but being annexed to a digit, alters its value, N 
"Thus 40 fignifies forty ; and 400 fland for four hundred, c. 
5. INTEGER, or WHOLE, NUMBERS, are ſuch as expreſs a number 
Cf things, each of which is conſidered as an unit. 
"i Thus four pounds, twelve miles, thirty-four gallons, one . auf. | 
4 Sc. are, in each caſe, called an integer number, or whole number. 
; 3 6. FRACTIONAL, NUMBERS, are thoſe which expreſs the value? of 7 
ſome part or parts of an unit. : 
= Thus one half, 0 one quarter, three quarters, 6. 6. are cach the fradtimal. 
| 1 of an unit. Ge | fe 
1 e A f ĩͤ a 1 Noras 
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LE third, Billions; of the fourth, Trillions; &c. 


the units of that period, and the ſecond contains the thouſandths there- 


7. NoTATION | is the expreſſing by digits or figures any number pro- 

poles in words ; and the reading of any number that is exprelled by 
„is called NUMERATION. 

'$. F ee NoTATION is that kind of nymbering.in ich ten units 

4 any inferior name are equal in value to an unit of the next ſuperior. ER 

9. 8 number is ſaid to * of as many a as it contains 


1 "The value of every. fink 3 in any number is china according to 
1.3 place it ſtands in ; and the reading of any number conkfts j in giving 
to each figure its right name and value. 

. T1, The right hand Aer of an integer number is called the place of 
units; and from this place all numbers begin, whether whole or frac- 
tional; ; the integers vil ace in-order from the unit place toward the 
left; and the fractions decreaſing in order from the unit place toward 
the right: and to diſtinguiſh” decimal fractions from integers, there is 
always a point or comma , ) ſet on the left hand fide of the fractional 
number; ſo that the integers ſtand on the left hand tide of the mark, 


and the fractions on the right hand. | þ 
I2. For the more convenient reading of numbers, they are divided 4 

into periods of fix places each, beginning at the unit place; and each Wb 

period into two degrees of three places each, the names and order of 1 

- which are as follow: where X. ſtands for the word — C. for bun- * 

dreds, 10 Th. for thouſands, — | 1 
%%FFF been Debimal fraftions 


9 — a; 


A — — 
2 period Firſt period Firſt period Second period 
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The name g of the firſt. . is Units; of the ſecond, Millions of the 


In the above order it may be obſerved, that each degree contains the 
names of Units, Tens, Hundreds ; the firſt degree of a period contains 


of: ſo that from hence it will be eaſy to read a number conſiſting. of 
ever * many * by the ä directions. 
„ . 14. Rur k. 


_— 


3 4. Rutz. x, Suppoſe the number parted into as maby ſets or de- 
5 grees Sie three- aces each, "beginning at unit's place, as it will ad- 
mit of; and if one or two e N 15 5 wal be the units and 
= tens of the I. 25 


24d. Beginni 5. at the left hand; read 5 in each 1 as many buns 
dreds, 3 an 
preſs, adding the name Le if in the ſecond degree of a period; 
and adding "Ye name of the e after _— the G 8. PI and 
units in its firſt degree. e 
Thus the integer Sander in the un table will be read : FE 
3 0 billions, . hundred thirty two thouſand, one bona twenty 
= three millions, four hundred fifty fix thouſand, 85 hundred eighty nine. 


15. All fradtionat vcbers conſiſt of two parts, which are uſually 
written one above the other, with a line drawn between them : the num- 


8 the unit is divided into: the number above the line, called the nume- 
rater, hm" 27. how me of mor equal 2 82 the value of that fraction 


3 ehus, fey when 6 Piling i the unit; et 


| 18 Thoſe fractions, the denominators of OR are 10, or 100, or 
10oo, or 10000, or 100000, &c, are called decimal fractions: but fraions 
A with any other denominators are called W 5 a 


| The vulgar fraftions that moſt frequently decur are thee: : 


Wo which i is read one fourth, 'or one quarter, | 
05 - -'= - one third. | 


Fonts vo oft one half, 8 b 5 
two thirds, WH | 5 
15 === = three . or three yuiqrters. ” 


100, 1000, 10000, &c. parts, according to the places in the fractional 


$1 ſo . Poris of 19, of of 10050 or of os, 8. 5 


* 


7 Ten. | 


£ 


Thus 2 einer . 1 100, Hendrrd. 
| TIES 1000, Thouſand. 
e of . N parts wal e 200, Fen T fa G 
e nel bs of ISS | | g . 


— — 


6 + 8 vn che night hang: of 8 3 their "ual on 
bi: the left hand of a decimal fraction diminiſh its value: but on the left 


| £7 | value. : 


WW < 


ber below the line, called the denominator, ſhews how many equal parts 


17. ins decimal ſracllons are parts of an unit divided into Böhr 1o, | 


Book. 'NRITHMETICE. 1 


units, as the figures in thoſe places of the degree ex- 


is | 
EAT bes is” 9 parts in twelve 5 a filing 0 000 rad be written 


„ 


8 number; therefore they are read like whole numbers, oy calling them 


band of . or on 9858 34x hand of agg 40 not alter their 
8 | 01 r 2. 2 e . | 555 N Thar 


— 
N 5 
— 2 — 

—— — —— 2 - 


„ ARITHMETIC. 


* 5 _ — * * — 
— 
—— — — 4 — 
— — ” v — * 
—— —— U —— — 2 uuf! — . — — — — — — — 
- - 


its next ſuperior. 


numbers or quantities,” 


Severaly ſorws the value 7 Wo 449 2 * 9 


Bodk I. 


8 9 is 8 it,, 8 is 8 arts in 10 UTR” 
Thus 480 8 ters. Au 505 17 9 * in 100 | te 4⁰ 4 
I 805d 8 „ ,008 8 parts in 1000 V divi 
When a fraction has no integer prefixed, it is convenient to put 0 in 
the Place of units. 


19. A Mixzp Nrouinn, is ben ry | fradtion | is {annexed to a wot 
number. Hs. . ; 
7 hus five and a | hatf i is 3 a mixed 7215 and i 15 written 55 er 

ile 5 55 W is s thus read, five and five tenths. : 


20. Like names in different numbers. are ſuch "Wow as ſtand equally. 
diſtant from the place of units; or have. the fame denomination an- 
nexed to them. 


Tu all numbers of. pountls 8 are like noms, and fo are all num 
tier of Kn! z the woe 4 any numbers fe OY OE ĩͤ 
21. Beſides the decimal notation . in article 8, dere are 
other kinds in common uſe ; ſuch as the duodecimal, in which every 
ſuperior name contains 12 units of its next inferior name: the ſexage- 
nary, or Po. og An which ſixty of an inferior name make one of 
e former is uſed by workmen in the meaſuri 
of artificers works in building; z and the latter is uſed in the diviſion 


2 Cirole, and of Time. 


22. The n date dere or marks are adv uſed i in Arith- 


metic al computations, briefly to expreſs the manner of operation. 


The mark + (more) belongs to addition; and ſhews that the num- 


bers it ſtands between are to be added together. 1 as % 


. Thus 12 + 3 expreſſes the ſum F 12 and 3; or that ; is to b& ad 


15 12, and is thus read, 1 2 more 3. 


The mark — (lef:) is for ſuberaQion z and N that the number 


| following it, or on the right hand, is to be taken from the number Ne- 
ceding it, or on the left hand. 


Thus 12 — 3, expreſſes the difference between 12 and 33 or that 3 is 75 


E ſubtracted from 12, and is thus read, 12 leſt 3; or 12 leſſened by 3. 


This mark * (into) for multiplication, thews that the numbers on 
each ſide of it are to be multiplied the one by the other. 
Thus 12 X 3, denotes the. produtt of 12 inte 35 er that 12 is t be 
multiplied by > OA 

Diviſion is expreſſed by ſetting the diviſor 2 the dividend with a 


line drawn between them, like a fraction. 


"I bus * 7 expreſſes the quotient of 12 by 3 ; or that 12 i to be . 


23. 

This fgn = = Tequal) ſhews that the reſult: of the operation by the 
numbers or quantities on one fide of it, is equal either to the numbers 
or quantities on the other hide, or to me reſalt of mo crea by theſe 


Thus 121381065 f 2232 9:3. your 178365 7 42 =4; 


25 raus, 


os | - 


ell. NRITHMETICEK. 4 
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— — — — — —— 


23. TABLES of: ExGLIH Money, WEIGH "Sy. and NiEASURES. 


Monz. | Tacr Waicar. = 
Farthings Pence Shill, Pound Grains Pennyw® Ounces Pound 
8 240 =20 = 1. $5760 = 240 = 12 == 11b. 
48 a 1%. j 4389 20 2 4 02 

81 ; gr. t ae | 
wick. 1. 2, 3 farthings, are thus writ-|Note, Gold and Silver are WOW 
YL W s $» 4 4. | 2 625 60 Troy Weight. 


1 FRY "RY 


"AvoirzDuronss : Weicar, WINE 7 
Discs Ounces. Pounds Hund. Ton Solid inch. Pints Gal, Hogib. Pipe Tun 
id; gt 235840 =2240 =20 =1 5821222016 262 —=2==1. 

72 ==-1790? = 112 =-1 C. 29106 1008 2 126 2 221 P. 
256 =. 16= = 1b. [14553==" 504=="63 = 1 Hhd, 

16 = 1 oz. of 231= 8 = 1 
Note, Proviſions, Stores, &c. arewelghed| 071 42=1 Tierce. 
| by the jon va or great weigh. | 84 1 Puncheon. 


* 


AN 


— 5 


WW TTY IT IS 
— 
e 


a * — 
* 


n 
2 


3 


Dax Masa. F Torn MgeaSURE. 
-Pints . Gall. Pecks Buſh. Quarter 4 Nails == 1 Quarter of a Yard, 
512 = 64 = 32 = , 1 4 Quarters 1 Yard. 
—— 8 BY WP | Is Quarters == 1 Engliſh ell. 


* 


WP OS be: 1 5 . [3 Quarters = 1 Flemith ell. 


4 * 


. is Quarters == 1 French eil. 
"Þ Note, 1 — 1 Comb: *x0.qrs. ia Span 
** ll Wey: 12 Weys=Laſt' of Corn. a Hand == 4 inches. 
136 Buſhels= 1 Chaldron of Coals.| 3 = 


9 inches. 


. 


Wt the> + FF Ip rt + rar — 


— "IF; 


on |. Lox o Matrorz- n 0 
1 Pele .corns | Tickle? J poles F by -Mile. 
= j 190080 == 63360 = $280 '== 1760. = 320 =8&=1 

ö 23768 = 7920 = "660, = 4 1 
=. * 594 =. 198 = 162 = 52 | | 


.N 
fo. 
— 

S 


. Alto 3 e 1 . 
And 20 leagues or 60 ſea miles make a 3 
But a degree contains about 694 miles of itatute meziure.. F 

A \ fathom = = 6 feet = 2 yards. | 


„ 0 3 Ti uE. . 
a Seconds Minutes Hours Days gage 


= |... | 31556937 = 525948 = 8766 = 365} = 
= i... - 86400 =" 


. 


% 4 
22 ** 3 


i 4 = 1449 = 24 = 1 ay 

+ 3600 = 60 = 1 hour, h 

A f 3 bi * . $4 ** 0 228 60 — = 

11 al 1 — RE. r | YR —— 
ACS Pence * „ Even 11 of a a 2 Pound r- 
* 20 . 18 8 70 2 5 1010. 0 40 — 6 is n o | or as © 
Wt ; | , | + 20 I 1 N 
1 E = 2 .-6 1 80 8. 8 6 8 | © 4 | d v 10 
= | 2 3.49% . 7 6] 5.0z2{2[3 ; -— x £0 

9 0 == 8 8 i * | þ 4 = 1 O© 

— 9. f 4 .. 100 — | . 4 4 - © 7 OO S. IS i _ * 1718 — N 
Ie | 


* 1 
{(F 


t& 
wt 
* 
7 1 
E. 
Q 


S_—_ 


tens, Kc. and under theſe draw a line. 


Say 2 and 8 is 16, and 7 is 17, and 6 is 23, and 8 is 313 76 


_ third row (had there been a third) and an overplus of 8; write | 


row, the 1 carried muſt be written on the left hand. a the 8; 3 2 187 


* ARITHMETIC. 


. * 1 4 


e SEETION It U. ABN A 
2 AppiTrioN 15 the method of colleling Js. numbers into 


=y 


one ſum. . 8 — i 


Runs ift, Write the Rien abs ul each debit 40 that like 
names ſtand under like names ; that is units under units, tens under 


= 
- 
” * 1 
1 


dk i | 


24d. Add up the- firſt or right hand upright row, 3 which write "= 

the overplus of the units of the ſecond row, contained in that fim. MK 
3d. Add theſe units to the ſum of the ſecond row, under which write = 

the overplus of the units of the third row, contained in that ſum. 


06 thus Ie: until all the rows are added I, n 


: ELAN rA e Ny f 0 
Fu. L 4¹¹ eee deen ne 
Theſe numbers being written under each other will ſtand chus: 2 28 


then, becaufe 10 units in the right hand row make an unit in | 47 
the next row; therefore in 31 there are 3 units of the ſecond 18 
row, and an overplus of 1: write down the 1, and add the 3 to 3% 12 
the ſecond row, ſaying, 3 that is carried and 1 is 4,- and 1 is 5. W 
and 4 is 9, and 7 is 16, and 2 is 18, in which is one unit of the | 181 


down the 8, and add the 1 to the third row: but as there is no th 
will be the ſum of the five given numbers. 


Ex. II. Aad 476— 22 Ex. III. A the 8 55986 

| „ s nd 46 o- 3502876 289 —6438— 
2 8 J 19 = 677 alk. 

| an... 1 „„ 


The given BITTEN 3; 1 | The given VL 0 , EY 
ſet in order will * ö B as the rule di- Þ _ 
V0 - Wy cn bas ar i/,, 


19 
1 " "Ihe 8 Sum — * 5 The 20m. Ns 


Ex Iv, PTA number $ 2 Ex. v. All the felling number 1 or 


— 
' _ 
: together. „ 
FF MES 1353835,0%, _ "IF 
"uf g ” g * > * aL a ; Rh x \ ; 
„„ bx, 1 JC — 1 
„ . NIP 3d 
4 5 N * ; * . 2 7 1 
| 3H284 . 5 ; | 7 * 5 3.27008 2 SJ 
— | 5 3 N 5 ir" N | m_—_ | = 
| Sum 7928, 40 Sum 1647413108 1 
. N is tf * 6; 1 * N 17 1 
bo. 
— — 1 f 8 Wo | 
* ' _ ii 
_——_—_ 
4 


UE 

4 

Py 
2 

1 

1 


n * Fe 
3 
wales roo > 


- 6% wan, 
— — 


7 
1 


by . 3 


— 


WS. ARITFHMETICE © 


X - - In the two laſt examples, where there are both integer and fraQional 
numbers, it may be obſerved, that like integer places, and like fractional 
places, ſtand under each other; and the manner of adding them together, 
is the (ame as explained in the firſt example. Weg So 


25. It frequently.h#ppens, that numbers are to be added together, the | 72 
names of which do not increaſe in a tenfold manner, as in the laſt g- 
amples; ſuch as in adding different ſums of money, weights or mea- 
ſures; in which, regard is to be had to the number of thoſe of a lower 
name, contained in one of its next greater name, as ſhewn in the pre- 
ceding tables: Examples of which follow. | r 


Ex, VI. Add the following ſums Ex. VII. Add the following ſums of 
money together.. I money together. 1 „ 
. ,,, A | £& „„ 

353 f 7 c · 
276 I. ZS 
71 . 17 TH 1 682 3 
IJ. LTD ⁰⁵Uf rr 


* | Ro | | | car 
3; 254 e 21 


la theſe two examples the Fe is by 4 in the farthings; waa 2 
pence; by 20 in the ſhillings ; and by 10 in the pounds. PO FN 


Ex. VIII. Add the following Troy, Ex, IX. Add the following - Avoir= 
3 Weigbts together. 1 85 | | dupoiſe Weights together. 5 
9 - I. oz, dwt., gr. Tons. Cwt. 'qrs. lb. oz, 
ß 000837110804 , 311 
1276 JJV 0G: 19; 4, - 3p 13 
= - C % 15 
r -Þ 9 6-8, ig os 
„% ˙i. |:.297. 08: 76 a6 is 
Carry for 24, 20, 12, 10. l Carry for 16, 28, 4, 20, 10. 
Ex. X. Add the following parts Ex. XI. Add the following parts of 
Time together, {| a Circle together. „ | 
Weeks Da. Ho. Min. Sec. | Deg. e © 30 
ne 8 OO | 1399; 32. $0 43. 45. 
11 ö 13 e471 1 185- .. $9 27 31 59 
„„ rn 28 45 59 1 
E 22 '39-j 6x 12 3B: 24- 47 © 
. 25 - 
Carry for 60, 60, 24, 7, 10. 'F Carry for 60, 60, 60, 60, 10. is 


Ht ; iv 


1 HOSES Explanation of Example VI. 8 
Three farthings and 1 farthing is 4 farthings, and 2 farthings is 6 far- 
things; Which js a penny halfpenny: ſet down E, and carry 1. 
ben 1 and 10 is 11, and 5 is 16, and 4 is 20, and 8 is 28 pence; 
= which is 2 ſhillings and 4 pence : ſet down 4, and carry 2. 
== . gain, 2 and 12 is 14, and 17 is 31, and 10 is 41, and 14 is 55 
1 ſhillings; which is 2 pounds 15 ſhillings : ſet down 15 ſhillings, and 

carry 2 pounds. The reſt is eaſy. . . 
r B84 N 26. 8 EC- 7 


„ , k 
7 vo» UF" 
* 
1 
7 . 
5 0 
"Fo. + = 
5 | " 
EF * 
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* — - _— = "= - - 
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Led - 
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% Ma ods 
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ARTITHMETICK. 
SECTION UI. SUBTRACTION. 


\ SunrR Aerion, i is the method o * taking one number from „ 
. ſpewing the remainder, or difference, or exceſs. 


Tue ſubducend' is the „ to be ſubtracted, or taken away. 
The minuend is the number from which the ſubducend is to be taken. 
RuLE iſt. Under the minuend write the ſubducend, ſo that like 
Same ſtand under like names; and under them draw a 1 | 
2d. Beginning at the right-hand ſide, take each figure in the lower 
line from the figure ſtanding over it, and write the remainder, or what is 
left, beneath the line, under that figure. 8 
3d. But if the figure below is greater tham that above it, increaſe the. 
upper figure by as many as are jn an unit of the next greater name; from 
this ſum take che figure in the lower line, and write the remainder un- 
der it. 3 
Ath. To the next name in the lower line, carry "P unit borrowed, 
N ves es to the higheſt denomination or name. | 


ExanPLEs. | wo 


Ex. I. From 436565874. the nizuend, 1 
eee 24985 3642 the ſubduc ent.... 


1 


* 


186712232 the difference, 


Here che fire 6 on the tiewt af PR fubducend | may be taken from 
thoſe over them: but the 6th figure, viz. 8, cannot be taken from the 
above it. Now as an unit in the "th place makes 10 in the 6th place, 
therefore borrowing this unit makes the 5, 15: then ſay, 8 from 15 leaves 
7, which ſet down; and fay 1 carried and 9 is 10, 10 from 6 cannot be had, 
dut 10 from 16 leaves 6, ſet it down; then 1 carried and 4 is 5, 5 from 13 
| leaves 8; ſet it down; "then 1 carried and 2 is 3, 3 from + leaves 1. 


Ex. U. From . F Ex, III. 8 e 327.9563 
he Tale 3875092 1 „ 4938997 
* i 5 
Remains 3745816 | Remain 25 278,866 „ 

From 3000, 9 Ex. V. From 5000,0000. 

Take 2336,76 „ 479-6378 

Leaves. 27479419 „ ii 4520,3622 | 
: * 1 - | N oh AP — 0 | 

81 4. d. Ba: 111 n Fo 4 

Berner“ 24 14 62 » Ex. VI FOE 294 I5 97 

Paid 18 12 41 5 | , Received | bg 18* 10+ 

25 e | 6 02 2} 1 8 204 16 101 

5 8 * N | eels — 4 | 1 w_— 


07-0. 


| Baie: 5 ARITHMETICE. oY 
£ N Ex Vill. In eee I. 8 Sexaxefun Py 


i 


Hem. 76 28 37 49 32 } From Fe 0 465 22.” 50 18 
Tale 55 29 105 53 45 * Lale 3 8 47 53 29 


Leaves 1% 59, 20 e ati 68 53 4 56 49 
3 - QuzsTions to exerciſe Addition and Subtrsction. "LI 3 
Ger. I. The ſhare of 4 QuEsT. Il The $8 Daniſh inua- 
prize money Was 148 C. 173. 61 ¶ fron: was in the year: 1368 and the 
and Tom received as much, beſide 7 L. French attempted an invaſion in the 
= 18s. ſmart money: How much money; year 1744. Hou many years were 
1 did Zen receive? 5 e theſe fruitleſs gt ? 
23S . : 5 | 
Tom's prize 8 Were 17 67 | French 1744 
17 Smart money) F-; 180 Spanim 1588 
Ir Tot received | 1 756 1 "5 ©; Mao between 156 
FFF 1 
Qua; Ul. That man wen King| Queer, 1 IV. Two ſhips d 
Ee 8 born in, he being 67 . old | op the ſame port, one having 2 0 
= inthe year 1749 5 8 835 miles, is 0 48 miles a- head of 
3 5 | 3... 4 KK: the other : equir ed the | aftermoſt 
8 Current yead>- mo 1749 | fo „„ 
if Age 7 ſubtr, 
_ ESE ono 4, 3 The firſt ſhip's diſtance * 
6 Year bom in 1682 | Their difference 
77 | 9 — * 
15 bs Second ſhip's diſtance | 227 
1 
77 as; V. n wh had mY QuesrT. VI. Will and 1 Frank, 
1 end 46. 175. 6d. for wages, prize talking of their ages in the year 1749. 
money, Sc. meeting with bad company, Mill ſaid he was bern in the year . 
was tricked out of 18 guineas : Nou of the Rebellion, in 1715 ; and Frank 
Juobn had reckoned to pay his wife's ſaid he remembered he was ten years . 
= aebts of 13. 165. 64. and his land-|old. the year King George the jgcond 
Lache bill of 16f. 125. Required was crowned, in 1747 : Required the p 
= whether be can ulfil bis intentions, ; 7 e the difference of their 
"8 0 9 885 the « 45 erence will be fſage! 5 85 on 
Money 10 18 18 © Current year 1749 | 
951 5 : Wife's. 1 N 13 16 61 Will was o 2715 * "THI 
HY hr ny | a6. 12 J Will's age PO BETS nr": "oa 
. „ Current be 1749 
5 12 Total 49 6 6 King ne our es 21727 
v0 Money + tp | 49. 17 6 „ OO 22 1 
= ——ůů— Frank's age then . 
13 Ke vil was, 2 9 o Frank's age 0” 
I — * Will yas oldeſt by we 5 
5 5 2 L 


%% ren a 
2858. SECTION V. "MULTIPLICATION. 
| -  MuLTIPLICATION is the method of finding what a given number 
| will amount lo, when repeated as many times as is repreſented by 
=  _ The number to be multiplied, is called the Multiplicand, © * 
= The number multiplied by, is called the Multiplier, 
| — 1 And the number which the multiplication amounts to, is called the 
MET p ̃ , ĩ (3,09 0 og, 
f Boch mniltiplicand and multiplier are called Barn. 
heſore any operation can be performed in Multiplication, it is neceſ- 
5 : ſary that the learner fhould commit to memory the following table. . 


i 


+ 


29. Ie Mor rirrricarion Taps. 


times 2 3 4. 5 6 7 89 10 1s 12 

4 6 8 10 12 14 16 18 20 22 24 | 
: 0 T9 T8, M7 19d - 3: - om. RP et 2 
£: 18 20 24 28 34 36 40 fl 148 1 


JJC. 30: 58-00 
„ 36 42 48 54 50 66 72 
a JJ ͤ . 

„ OG os. Bo 08: 0G” 
| 81 90 99 108 
100 110 120 f © 
121 1324 
O pſerve, that in multiplying any figure in the upper line by any figure 
| in the left-hand column, the product will ſtand right againſt the figure 
Aſed i che left-hand column, and under that uſed in the upper line, Thus 
2 were 6 to be multiplied by 9, ſeek the greater figure g in the upper line, 
and right under it, againſt 6 in the left-hand, ſtands 54 for the Product. 
And lo of others. e 5 
The foregoing table being well known, the work of Multiplication will 
JJ d y os 
ITIu0 multiply any number, s 357285 
Buy any ſingle figures, as b ß „ 
5 Set them as in the margin, and proceed 260792 5 
_* thus, 7 times 6 is 42, ſet down 2 and Earry 4; 7 times 5 is 35 and 4 car- 
ried is 39, ſet down 9 and carry 3; 7 times 2 is 14 and 3 carried is 17, 
1 | ſet down 7 and carry 1; 7 times 7 is 49 and x carried is 50, fet down o 
and carry 5 7 times 3 is a1 and 5 carried is 26, which ſet down, and the 
2 85 work is done. But for compound Multiplication take the following: * 
—_ : 30. RuLs 1ſt. Write the Factors ſo, that the right-hand place of the 
ob Multipker may ſtand under the right-hand place of the Multiplicand, - 
1 Ad. Multiply the Multiplicand ſeverally by every figure of Multiplier, 
ſetting the firſt figure of each line under the figure then multiplying by. 
24. Add the ſeveral lines together; and their ſum is the Product. 
0 4h. From the right hand of the Product point off, for fractions, as many 
i; places as there are fractional places in both Factors; and thoſe to the left 
ec che mark of diſtinction are integers ; thoſe to the right are e 4 
wi A 1 '® —_ 7 | | SIN, It 


2 r nen FFF ˙ʃv·“v “nn „ Te n 3 5 : 
M wh, 5 " 0 . 4 þ 6 4 * — 7 2 4 2 p © Bu 1 "4 * * 4 — * — 6 = as * 3 
88 ** pee FP "A rs. 2h FN 99 7 a > Was; 4 e e PR A _ 2 RC Is. y 8 —_ . We Ia 2 2 "Y 
WP A 5 n 7 * fea - ; a * OT INI 1 ung FM 2 | I Y 7 73% A. * 9 5 2 . 2 A TO I, p 1 
1 N Foe Pi RX 3 2 * 2 * FL Pa — r 5 8 = 6 NIE 3 — 8 8 — 126. „ N Ho, 1 8 * 2 : 1 & q 2 4 8 7 n 1 
ng I Re” © RATE? 0 : 2 2. 5 er * * r 2 „ 2. r See $2 EPL WY CO OR I FE on OR * — 1 -* LY 1 8 3 7 * A E 
C 1 3 8 —— ks — a p SA : 12 7 ; a, nie I FE r 7 e N x" PLEER "Med. oem 1 bo, 1 1 * 2 
1 „ "V b — * 4 2 — S . To fs One on n r Sn — * _ S 9 P e ® 17 = 
; N v:> „ r : — 8 1 e "I; ** Woe a OS | = Snar® 
* 2 ; \ . 4 Gs 2 £ 4 
4 s ee . L | 4 


. 3 3 © pcs 0D 
OS. 3 
8 
a 77 LOG" >, 
n % 
2 = > "4 * 1 — 
—_— a". 
r 
2 Pry 


2 — x 
. . > - * : — 
0 * 0 A % 4 a , 


denk. 


The lefſer Factor being written under 


. ; the greater Factor, as here ſhewn, anda 


ARITHMETICK 


th. If the x any of places i in the Product are not o many as the num- 
ber of fraRtional places in both Factors, make up that number by writing 
ni cyphers on e hand, and to theſe prefix the mark of nenen 


| ExanPLE I.  Mutiphy 742 by 33. 
Multiplicand 742 


Wa eee 


line drawn under them; fay 3 times 2 is 


6, write 6 under the 3; then 3 times 4 is 


12, write down 2 and carry 13 ; and 3 times 
7 is 21, and x carried is 22, write the 22: 


Again, 5 times a is 10, write o under the 


5, and carry I ; and 5; times 4 ĩs 20 and 1 


Product 


x 


45 Pants. 


2226 


3716 


— 


39326 


Nen N 


23 then 5 times 7 is 35, and 2 carried 


zs 37, write down the 37 Now ad 
175 | at det bats. fone 
—__ EXAMPLE 


\ 7 5 | 4 

75 | 1 
8 ” , 
. 


1 vd 
+; N $a 1 
% I \ & 6 31. $ : 
32.74 x 4 a - 
3 - 
; s 
7. N . r. 4 3 F* — . 4 
72 - * — * 9 * »t nl 3 # * 5 — : 8 1 . 
Pg 4 — 
F | ® 
N 1 4 — Py 
Sy 
9 * 5 
35 f . 2. 
29 . i #3 £7 * 
291 
** 2 * 5 
* 3 
4: I 
{ 4" " 
l * 14 
+4 17 


= en kr Iv. 5 
= as a 936287 
$0 8 5 N Fo I 72574 q ; 
65 540090 
56177220 5 


558. 


the ſecond o, 
write 0 ay 156 the 


carried is 21, write down 1 and oy 


The S in the Multiplier of this| 
examples are thus managed. Having | 
multiplied by the 2 as before, ſay O 
times 7 is o, write o under the o, and 
proceed to the next figure 7, by which 

multiply as before, Zhen coming to; 
fay, o times 7 is o, 
lace of the ſe- 


the two lines together found by mul 


their ſum 39329 | is the product required, 


ExAMpLE III. 
| Multiply 3684,2795 
1 22594 
147371180 
331585155 
184213975 
257899505 
| 4 | 27978,4155230 


| tal been there are 4 actions! 
places in the Multiplicand, and 3 in 
the Multiplier, which together make 
75 therefore 7 places are pointed off 


"— 


jon the right of the product for frac- 
tions. 


N | - 


7 EXAMPLE Os : 
| ae hy 9,3479 ³ 


, 258 


* mo % 


„ IORELIS eine 278368 


3 173980 
„„ LS | 5 69592 


: \ We Fl | : 0,008977368 | | 


Here, becauſe there are 5 rational 
places in one Factor, and 4 in the 
other, there ſhould be 9 fractional 
places in the Product; and there 
ariſing but 7, therefore two cyphers 
jare ict on the left hand to make * 
places. 1 = : 


" ® cond ©, and p to the next fi- 3 | 
dure, by which _—_" before, | „ 
. | . . 
9 bn $1 p 31. SEC- 


* - 


ARI1T HMETICK, Book . 
8 Yo -'$ECTION V. DIVISION. | 


' 
1 
3 


Deursro #s be method of finding bow often one — 16 con- 
. tained i in another; er may be taken from another... 


3 8 8 The number to be divided, is called the Daus N 7 
- _-* The number dividing by, is called the Diviſor. 1 
| EN The Quotient i is the number ariſing from the Gidon, 1 dene Ws 78 
many times the Diviſor is contained in the Dividend. 8 
. he operations in Diviſion are performed as follow: 8 
32. Rut iſt. On the right and left of the Dividend draw a crooked 
Une; z write the Diviſor on Ka left ſide; and the Quotient, as 1 ariſes, on 
the right ſide of the Dividend. 5 
2d. Seek how often the Diviſor may be taken in as many figures on 
* the left hand of the Dividend, as are juſt neceſſary; write the number 
of times it may be taken, 1 in the Quotient; 3 and there will be as many 
figures more in the Quotient, as there are figures remaining in the Di- 
\ _. - vidend then nat uſed. 
MLT - 3d. Multiply: the Diviſor by this actions figure, ſet the Product un- =. 
der that part of the Dividend ufed ; ſubtract, and to the right hand of the 
| remainder bring down the next figure of the Dividend: Divide as before; 
. - - _ and thus proceed until all the figures of the Dividend arg uſed, "LES 
FF ES © if there is a remainder, to its right hand fide annex a cypher or 
W eeypbers as if brought down from the Dividend,- and divide as before; 
n Fee thus it is that fractions ariſe, viz. from the remainders i in diviſion-. 
5th. When any figure of the Dividend is taken down, or annexed, as be- 
* ſhe wn, and the Diviſor cannot be taken in the number thus increaſed; 4 
put o in the Quotient, and take down, or annex, another figure; and 
N in this manner, until the Diviſor can be taken from the number. 
iy 6th. When fractions are concerned: From the number of fractional 
Places uſed in the Dividend, take thoſe in the Diviſor ; count the num- 
| ber of remaining places from the right of the Quotient, put the mark 
Wd! * there; and thoſe to the left are inte ers, thoſe to the right fractions. 
=  _ 7th. If there ariſe not ſo many places in the 5 as the th ar- 
ticle requires, ſupply the places . with I « on the 2 and 
ko thoſe prefix the fractional mark. 


-\ - 


Ne Ex. I. Divide 36 56 JC. among 8 eh 
ag Set the Ben numbers as in Art. iſt, Now the two 8) 36560457 
| bs ; „ hand figures contain 8; then ſay 8 is contained in 36, 0 . 


times; ſet 4 in the Quotient, and ſay 4 times 8 is 32, ſet 32 TT» 
under 26, fubtract, there remains 4, to which bring down 45 
the next figure of the Dividend 55 makes 453 then ſay g is 4? 


contained in 45, 5 times; ſet 5 in the Quotation, and ay 5s © 

times 8 is 40; 1 85 40 under 455 ſubtract, and to the re- 36 ; 

mainder 5 take down b, the next figure af the „„ 
makes 563 then ſay 8 is contained in 56, 7 times; write oo 11 


F in the Quotient, multiply 8 by 4 makes 56, which write 
under the other 56, and ſubtracting there 1 0: 80 it may be 
concluded, that 36 56 contains 8, 457 times: Or, if 3636L be divided 

among 6 perſons the ſhare of each will be 457 ho 20 

5 | ; x, 3 


— 


* 


ot. ANITHMBTICE. us 


4 Ex. II. Divide 3125 by by Ex. III. Divide 95269 b ter 
os... 4952690077, 

4 ae." ee | Sg 9 , 
= 3 fee precept 5th. 126 
/// Ges; 11 pt net 5 

74 N e r 

= | « | 1 | Y 1 'F | SP $61 61 ; 
= fs IV. Divide $$59 by 124. Ex. v. Divide 1 ATIS by 6, 28. 
A  124)5859(47-?5 , * i 9891337, 27308(53,700 tor. 
1 . K ING 496 B 5 3140 the Quotient. 
1 1 RY n q 1 r Sce precept 6th. 
$21. 3. om} „ 

1 e . | 1 1884 
VVV for the Remaind. 4433 

C r "a8 | 
78 3 620 | See re he - 37093 - 

I . (UE a | 

_— Ex. Lf. N 9975 by 67354. 1 Ex. VI. the 4 asian R 
7 . des. 0005 [given in the Dividend, and the o 
% | 3 uſed with the Nemsinden make 5 
no. 8 35670 See precepts fractional places; from which 1 
323% 4th, och, 928 place in the Diviſor being taken, 
Eg oo —— leaves 4 fraftional places for tine 

N 2 Quotient; but in the Quotient are 


NE ks two 10 is, thevefore 2 cypiiers are prefixed, which make 
9903 5 before which, for form ſake, an o is ſet for the place of units. 


When the Diviſor 4 not exceed the number 12, che Diviſion 
may de performed in one line.; by making the Multiplication and Sub- 
tration mentally, or in. the mind, and carrying the Remairider, as ſo. 
oy tens, to the next figure. 


4. In all operations of Diviſion, it at be 8 that the Pro- 
dub of the Diviſor by the Quotient figure muſt not exceed, that part of 
the Dividend then uſing ; and the Remainder, by ſubtracting © Fre- 85 
4. muſt ever be leſs than the Diviſor. 
As the Quotient multiplied by the Diviſor 8 the Dividend; 
- So. the Product of two numbers being divided by one of them, will 


| give the other z that is, Diviſion is N by ne, and Ma- | 
| Wee is hah by Yivilign, 


* * a 
— * . , 7 
— * 


We. va 3 7 | 7 


J - - &RITHMETICKE, Bock I. 
383, + c$BCTION. VI. [| REDUCTION. . 
1 _. * Repverion ig the method of reducing numbers from one name, 
ar denomination, to- another ; retaining the ſame value. © 
Css I. To reduce a number confifting of ſeveral names, to their leaft name. 
RuLz 1ſt, Multiply the firſt, or greater name, by the parts which 
an unit of that name contains of the next leſs name; adding to the Pro- 
_ - duct the parts of the ſecond name in the given number. 2 
2d. Multiply this ſum by the number of times that an unit of th 
next leſs name is contained in one of the ſecond name; adding to the 
Product the parts of the third name contained in the given number: 
Aud thus proceed, until the leaſt name in the given number is arrived at. 
Ex. 1. Is 23. 14s. 61d. bo Ex. II. In 85. 100. of gold, how 
mam farthings? l mam grains 
N E A OG Sons NET Ml en 
: | 20 + Ky Fe vl 12 5 8 


474 Shilling. : 106- Ounces. 


— 


5694. Pence. 230 Pennyweights, 
rd; | . 66G e 


| Anſwer 22778 Farthingg. 


— 


. | k g | . | 
A 
. 


© JJ 
4 3975, Tg bow many pounds # blem many thinks? 


_— * 


4. 


PF 4: RJ $0; A 

* i p 8 MW 

54 C. weight. 2. „ 8 
wm 


| — 


„ « aged | SLES GT I QT 23 ME 
$1 8 28 * 5 Ln 7 — — . yp | 
1 15x Pounds. „ 7950476 ae 
An explanation of the firſt Ex. will make alf the reſt plain. Since 
pounds is the greateſt name in che given number, and an unit thereof 
; contains 20 of the next Jeſs name, or ſhillings; therefore multiply 


Mien 


*. 


* 


- " 0 _ 2 8 2 8 . 4 4s) ap 
ST Ine — OE - _— Cn I Rn _ * e „ re a __ — _—_ 1 — N oy POE OS TE, Aer LE — * — — _ . m— = 7 1 n 
E 2⁵§⁵˙ T e e T A EA, 4. 0 PET; ( n I So Cha a IS a 2 n 
xx. de. r * 5 . OP I. 7 5 N ED 4 _ OP 1 2 . . RON OY * Ga as ue EE DN Ys Ayr rg 4 OG - . — 2 _ 2 5 * 8 LE,” helen, * 2 3 mi 
i et . N 2 2 W oy 2 * - + A Ira : 5 x * APA 3 8 x tx, N e er we. + x e * 4 * . y F IMND, wa He te * > 1 ee 1 8 N 2 — * 3% * * 
k 2 bs moi N A 4 2s 2 «© n Pe — 1 > GSW TINS 2 5 * 1 1 * Wr mw 3 os —— l 9 ; WK. . 1 1 Fo h < e it ens 6 . % 2 po 3 : — 3 . — L 
-—— p * 5. ** . Fig... 1 E £ 4 Py « 3 Ms 3 p 2 A a co 1 Rey IX 8 We REFS * . Ls > CY e Ces Lu wy bes 7 Yea <5 — g ** — N 2 
8 . S 2 a Int LES CW. l * 3 — 7 1 8 py N 22 * ng N — 1 aL N C ot rh 4 p 7. 2 PW . 3 
r 4 1 was PX . 1 0 6 pe” 33 1 r . A — n en * N n i 8 * . 1 RI td n - 0 1 A N ne y N 0 5 _—_— 
. 1 * wy . n Mets, he Wt R * ' b * <4 3 1 W "ut I; * . 2 r 1 2 WY r De n 3 Rt 8 RRE 
i” — p es 1 A 3 9 TIT. g "ROE: 8 o InP 25 8 e 2 . 7 P N bs 8 * 1 : , * 
- 2 - CONT * rr : F ; 1 . . . * r - EYE: 9 1 


ounds by 20, ſaying o times 3 is, o, to nch adding the A in the 14 s. 

makes 77 then 1 04 3 e n ts 1, in hp Diab of tens I the I 
 hillings, makes 7 then à times 2 is 4: Now n 

ſaying 12 times 4 is-48, and the 6 in the pence makes g; Write + and 
carry 5; then 12 times 7 is 84, and 5 is 89, &c. Laſtly, multiply the 
© $694 pence by 4, ſaying 4 times 4 is 16, and the two farthings in the 
p Sen number is 18 ; write 8 and carrry 1, ge. 
| 


: 


2 ee od 
IA 
% 22 N 


* =— 4 5 5 
_— 5 , - * 5 — 
. * - - 


— ARITHMETICYK 
36. Cann . of in inferior. nams "YE jo find how 


many F each ſuperior denomination: are contained in it, 
Rur iſt. Divide ahs hen number, , by e e 


one of its units is containe 


Is 


in an unit of the next ſuperior name. 


- 2d. Divide this Quotient by the parts making one of the next name. 

3d. Divide this Quotient by the parts making one of the next name: 
And proceed in this manner, until the higheſt name is obtained, 

Ath. Then the laſt Quotient, and the ſeveral remainders, will be the. 
parts of the different names contained i in the given number. 


Ex. I. In 22778  farthings, how 


pounds, ſhillmgs, and pence © n gree, how 0 


4227780 2 . 


—— — 


12) 5694 6 Pence. - 


—— 


3,0) 474 14 Shillings. | 6,0) 


—— 


a Anſwer 2 4 


Ex. IIE In 6151 bounds, how ma 


pounds. 


"UN" 


Ex. II. In 79 —_ * 228 
| 60)795047.6{ 56 Thinks. 
< 6,0)132507(. 27 Seconds. 
220 220,80 48 Minutes. 


1 3 Degrees. 
145. 62.4. OO « Anbwer $6 48. 145 " 


an Ex. IV. I. $0380 grains, how many 
Ton „ Hundreds, harters, Pounds | Pounds, Ounces; Penneywig hi, Gre. 
e rs 1 2403088002120 1995 
po 56 | | | 48 — 
En 980 3 Qs. * 2 2c) aa. % d. 
[- 28 3 
| 2,0)5-4( 14 C. 24 (12) 106 (100%, 
| Kd n , * e e 
. — 3 48 pt 
„„ e N A 


Anka 2 T. 14 C. 3Qrs. 1ghb 


RH | Anſwer 8 lb. 10 oz. 


Explanation of. Ex. I. Since 4 of the given number make one of the 


5 | next name, pence, then 22778 divided by 4, give 5694 pence, and a 
© Remainder of 2 farthings; then 5694 pence divided by 12, the number 
of pence in one of the next name, ſhillings, the Quotient is 474 ſhil- 


# lings, and a Remainder of 6 pence ; — 474 ſhillings divided by 20, 


che number of ſhillin 
is 23 pounds, and 
KO the anſwer is 


right hand, thoſe e 


muſt be pointed o 


vided, but annexed- 


K 7: 4 o 

Ys Exam To 
Res lb 9 
Ho 


37. In any Diviſion, 


collected. 


0 A like operation. will folve the other ne 
Meg increaſe of the different names. 


in one of the next name, 


a Remainder of 8 WY Wh by the * pre- 


the Quotient 


5 havin regard 0 the 


if 1 e more 33 on a. : 


ers may be pointed off; but then as many places 


"from the Dividend, which places are nat. to be di- 
Remainder. See the abov 


W 


= 


E 


238. CAsR 


— 


5 4 ITHMETION. bock f. 


35. Char mt. To reduce „ Ur frattion to its ee decimas 
 fraitmn Cy ney 


Rog. To the Noche vater annex one or more e $ - divide this 
* the Denotnihator, and the Quotient will be the fraction ſought. 133 
It the Diviſion does not end when ſix figures are found in, * Quo- 


il OM the work need not. be carried any farther. N 1 10 5 

5 ken 1. Ti dur 227 7 its equivalent Ade fog. 4 

1 ; Rpt! 

I Here 23 " the Denominator is 423)1 ,co(0,03 46 

| 

| | made _ Diviſor, and x5 the $3 Sos 0 =, T7 

| "Numerator is ſet for the Dividenſſg .. 

| to which annexing a eypher or two - 2310 

1 for fractional places, "ſeek how often „ OG Co 
the Diviſor can be had in 15, he 
integral part of the Dividend; and '- | 1950 5 — „ 
28 it” cannot be taken, n OTE. 5 
Quotient for the place of units: „„ 
© Then taking in one fractional place 5 . 
ſeek how oft the Diviſor can be bad . 3 | 
in 150, ſay © times, and put another 442%/%ęc 
os in the Quotient for the place of OO Þ 


primes; : Now taking in two fractional 3 to te Is, the Divitor 
© will be contained in it thrice, and thus proceed until the Diviſion ends, 
or till 6 places ariſe in the Quotient: But in this example, as the 6th 
place would be o, it is omitted, becauſe cyphers on the right hand of 
decimal fractions are of no ſignification, as will 9 * No- 
ation of FraQions being well underſtood. 


1 II. Reduce 1 to a decimal Ex. III. 3 — 0 4 decimal 
| fraction. 2 8 WE 
2) Lo(05 Anſwer. - "IL 5 4) 1,00(0;25 Anſwer, 
1 Reduce 1 # decimal Ex. V. Reduce 1 ta. a decino 
8 . "EG q *frattion.. 
N (51085 SOD . rats 4 $ 5.9000, 5 haber. | 
Bu e Seen b {E x. VII. 1 Ys to 4 decimal 
3 2 *% 1 raction. | 
deere ee 2 1 G eee ec. Aale. | 


Ti the two Tat C pats; it may be obſerved, that 3 would con- 

8 a7 ariſe; ſuch decimal fractions are called eirculating, or recur- 

ring fractions: Theſe have a peculiar kind of operation belonging to 

_. _ them, which the inquiſitive: reader will find in a book intitled A Gene- 

val Tredtiſe 1.450 Menſuration 8, the third. edition, publiſhed in the year 
0 


1767; and in other books. 
— er — u—ͤ— 
RE e # "By eder of d eee „ 


* - i . os 1 2 
bees 4% Carp 
"3 "3s 4 # «. "+ — * 

q 4 5 
** F | : * 


book. 4 


| cimal fraetion 7 its greatift name, 


reckoned as Dividends. _. 

24d. Againſt each name, on the left 
1 of its next ſuperior Name : And let 
1 | Dividends. 


ARITHMETICE. l 


40. Gl Iv. 75 reduce a number aulit f di 228 rows, 6 te a de- 


Rx ift. Write the given. names dats under one another, che jeaft 
name 'being uppermoſt ; and on their left ſide draw a line : Let theſe-be 


band, write the autaber making one 
thele be the Diviſors to the former 


Ad. Begin with ths. upper one, 1 write the Quotient of 8 diviſion 
= as fractions, on the right of the Dividend next below it; then let this 
mixed number be divided by its Diviſor, cc. 

| "And the laſt r N wal be the decimal Fraftion fought. | 


SO I Fw > 


"Bar [. "Pte I 3 F, of a. to the Fabien, bart of a pound Arrling 


TS Firſt ſet the three farthings, the 9 
= and o pounds under one another.; 


W things ſet 4, againft the pence ſet 12, and againſt the 2015.812757 
millings, 203 then the three with cyphers ſuppoſed to be 

= annexed, being divided by 4, the Quotient ,75 is written on 
= the right hand of the g pence; and the mixed number 9,75 with cyphers 


pence, the 15 ſhillings | 43 
and againſt the far- 129,75 


4 # annexed as they are wanted, being divided by 12, the Quotient ,8125 is 


= written on the right hand of the 15 5. then this mixed number 15,812 3 


f being divided by by the Quotient 0,79062 5 L. is the anſwer. 


'N Ex. II. Rae, Is, 21% to the fac- 
= tional part of a * * . 


Dh 


* Wl 
2011, 1875 
2 pos 


ONE? =0,059575L- 
1 , K* IV. Rediics 8 62. 15 tot. 18 gr. 


r 8.73, 
i 7875 
. 0.732291 


# Y Ant ben 160. .at. 


{ "ar Here becauſe. 24 is a number 
1 a too great to divide by in one line, 


ds the me 3 1 a e wk 


the Fractiamal part of a degree. 


12 60633 + SN 


60ſ17,883333 
60048, 2980565 
a - 


| [AnGe, 48. 17”. $5” =0,804967 Deg. 


Ex. V. Reduce Zqrs. 1916. 1402. to 
the Haun part of a C. weight. 


614 4 » oy 


| 3-709821. 
| 0.927455 
8 qr. 1 14 0. , 927455 C. 


iind the 


3 therefore it is broken into the parts 
4 and 6, which l e 
make 24. 
© | Vol. I: 


L SEO 
MD ang 7 * * : 5 
. . DE; 


numbers 4 and 4; and 28 into 4 


and 7; and 14 is divided by 4; and 
the Quotient 3,5 hs 43 Os 


. 


8 J 


Ex. III. Reduc- i "HY 


26 15 419.875 | i 0 


— 


1 EXAMPLE IV, What i is TY value of 


by multiplying. by 12, Zo, 24, the 
be 


18 ARI WM 


42. Cass v. To reduce a decimal e of a 2 name, to its 


value in inferior denominations. 


- Rand iſt, Multiply the given fraQtion by the Per that an + wit of 
its name contains units of the next leſſer name; from the right hand of 
the Product point off as many places as there are in the given fraction. 


2d. Multiply the places, ſo pointed 
name contains of the next leſs name; 


off, by as many as an unit of Wie 
point off as before: 


And thus proceed until the multiplication is made by the leaſt name. 
3d. Then the integers, or the numbers on the left of the diſtinguiſh- 


| 550% 


FA 4 


ing marks in each Product, will be the parts i in each name, Which to- 
gether are equal to the given fraction. | 3 


EXAMPLE I. What number of ſhillings, pence, on farthings, a are ; equal ia 


* 


value to * 5 Le. fierling. 


Sh an unit of the given name G. 


contains 20 of the next leſs name, 
ſhillings; then multiplying by 20, 
and pointing off 6 places on the 
right, becauſe the given number 


0,90625 contains 6 fractional 


places, the Product is 15,8 12 500 
- thillings; then the fractions of this 


number, viz. 812500 multiplied by 
12, the number that an unit of this 


name contains of the next leſs name, 
and the product pointed as before, 
fractions of this number multiplied by 4, gives 3,000000 farthings; then 


6. | endes: 


4. 15815500, 
1 Ws 
4. 9gj750000 


2 * 4 * * 
Far. $,000000 - 


G ariſes” 9780090 pence; the 


the parts e off on the * VIZ, 1 55 915 a, are hon "ye of © the won 


fradtion. 5 8 3 


Exams II. What i is hs value f 1 Ui. What i it the value M 


0,056285 ,. ſierling ? 
C. 90056285 


5 Fo 20 ; 
. 112970 
12 
4. 1,5084 ; 
Fur. 2033 Ne 


0,732291 lb, troy'? 
This example worked as above, 


value will be found to be 


0, 5869 5 degrees * 
. de 4 
2 60 „ 
8 EIS ; EK 
Min, ee 8 
3 * 3 8% 
Third. o 


ENT!” V. What is the babe of 
0,927455 part of a C. weight ? 
By operating as above, multiply- 

ing by + 28, oy ou a ll 


80. I5dwts. 18gr, nearly. 9 4 


| | PTY 191b, I40Z. KS | 
e . 


3. | 
Quesr. I, A floop 
tain and 26 bands 1. a prixe which 


ſold for 1578 £..of which each ſeaman 

45 45 45 and the captain Foe re oft - 
7 much was his ſhare ? 
286 Men | | 
. 45 Le to 2259 4 

130 : 
; . 

| dbusa 1170 C. the crew's are. 

from 1578 f. the whole prize. 
remains 408 L 0 captain's ſhare. 


Que: II- 4 ' feaman, | had 
wages was 35s. 6d. a month, returns 
Home at the end of 29 months; he hav- 
ing taken up 124 18 5. How. much 
Bas he to receive? | 
. 

„ 
mult. by 12 


4". 


1 


5 426 pence a month, 1 
mult. by 29 en 


3834 
852 


1015350 pence . 
64. 


2, o) 102.9 4 
| 
Are by 


51. | 95. 64=wages, 
12. 185. og. received, 


| remains 35. 115. 


* „„ * 


2 7 to receive. 


P 


With EST. V. In TR, crowns, 1 
| _ half crowns and pence? , 
Anſ 5 1 612 half crowns. 

's 18360 pence. 


0 EST. VII. A ſeaman's ſhare of 
a prize Was 14 guineas, 32 moidores, 
12 thirty-ſix ſhillings pieces, and 52 
piſtoles at I each: - How much 
Ae did the whole come to? 


f 
| 


ARITHMETICK. 


QuzsTIONS to exerciſe the prece 
with the cap-| 


19 
ding rules. 

Quzsr. II. 4 boat's crew of 15 
men got by plunder 321. How much 
was the ſhare of each? 

15)321(21L. 
30 


21 
8 


remains * L-\ which 
mult. by 20s. in 1 C. 


| Ow (8s. 
"120 | 


en 21 ＋. ry to each, iq 


QuzsT. IV. Six meſi-mates, whe 
Propoſe to live well during an Eaft- 
India voyage of 22 months, agree to 
expend among them 5 s, a day, beſides 


the ſhip's allowance: Now one of 


them having but 25s. a month, how 


will matters fland with him at the 
end of the voyage? 


Now 28 days, at 5 5s. a FRE makes 
1405. or 7 L. a month; which for 


22 months, is 1 


Then a ſixth part of 1 54L. is 


25L. 135. 4d. for each man. 


Alſo 255. a month for 22 months 
makes 27 . 10 f. for wages; 2 


will overpay his expences, by I 


*Quvesr. VI. In 30 chalders of 
coals, each of 36 buſhels, how many 


pecks © 


f 


Anſwer 4320 pecks, 


Qvpxsr. VIII. . a ſhip 2 
51 miles an hour for 14 days: 


many degrees and minutes has ſhe 


ſailed in the whole ; 60 ſea nes 
maki ng one degree ? 


- Anſwer 1234, . | 


A» . | 


4 30 deg. 2 * 


* 


Do ARTIHMETICX. Book 


SECTION W. Of PROPORTION: 
Or, THE RULE OF THREE. 


74 Four numbers a are ſaid to be . 1 by gon 


them together by two and 29055 hey either, you equal Products or 9 
Quotients. 


Suppoſe theſe Foils numbers 3 8 12 32 | 
In comparing them together by multiplication, 


The Fan of 3 and 8 is 24; of 12 and 32 is 384, 3 | 
„„ n 36; of 8 and 32 is 256, unequal. 
of 3 and 32 is 96; of 8 and 12 is 96, equal. 
Therefore 38 12 32, are called proportional numbers, 5 
N ow let them be compared together A 
Te Quotient of 8 by 3 is 2,6 c. of 32 by 12 is 2,6 Cc. PR 4 
of 12 by 3 is 4 of 32 by 8 is 4, equal. 


| of 32 by 3.is 10,66. of 12 by 8 is 1, 5, unequal, 
'T herefore by this compariſon, the numbers are ſaid to be proportional. 


a 5 2 this kind of comparing four numbers together, there is no need 
to try for more equal Products, or Quotients, than one ſet of either 
ſort; for either caſe will determine the proportionality independent of the 


other. E 


But it muſt be obſerved, that among four proportional numbers, there 
will be but one ſet of equal Products, and two ſets of equal Quotients, 


the ſmaller numbers being Divifors. 


45. When four numbers are to be written as e PRETTY they muſt 
be placed in ſuch order, that the Product of the firſt and fourth be equal 
to the Product of the ſecond and third. 

A queſtion is ſaid to belong to the Rule of 7 Ws when three numbers 
or terms are given to find a fourth Proportional, which is the anſwer-to 
the queſtion, _. | 

And in order to reſolve fach queſtions, the three given terms 1 2 be 
firſt placed in a proper order, which is called ſtating the eros 0 the 
queſtion. 

46. Gueſtions i in the Rule of T, bree are ſated, and reſolved by the fol- 
lowing precepts. + . 

1ſt, Conſider of what kind the fourth term, or number fought, will be, 
whether money, weight, meaſure, time, &c. and among the three num- 
bers given in the queſtion, let that which is of- the ſame kind with what! is 


required be. placed for the third term. 


2d. From the nature of the queſtion, ard Weber the der 


ſought will be N or leſs than the number which! is e 12 che turd 
term. 


. 


3 If 


q py 
wy 3 
11 
y I x 
4 ' 
$ 
! ” a 
. ” 
4 
; N 
1 . * 
* 
5 
bo 


9 N 
N 4 " 
* DE : 


* 
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Ic the fourth term will be greater than the third, ſet the greater of 
the remaining two terms for the ſecond, and the leſs for the firſt. | 

But if the fourth term is to be leſs than the third, ſet the greater of the 
remaining two terms for the firſt, and the leſs for the ſecond. 

Then in either caſe, the given three terms are ſtated. 

Ath. Reduce thoſe terms which conſiſt of more names than one, to one 
name; and obſerve that the firſt and ſecand terms are always to be of the 


ſame name. 


5th. Multiply the ſecond and third terms e divide the product 
by the firſt term, and the Quotient will be the fourth term, of the ſame 


name the third derm was reduced to. 


75 Quxsr. 1. F. 4 yards of c 2 18 5, what will 34 09 c of ? 


Here it is plain, that the term 
| ſought, or the worth of 24 yards, 155 
will be money; therefore the given 
money 185. is ſet for the third term; 
and as the worth of 24 yards muſt 
be greater than the worth ef 4 yards, 


therefore the 24 is ſet for the 2d 


term, and the 4 for the iſt. Then 
the 2d term 24 being multiplied by 
the 3d, 18, the Product is 432, 


which divided by the 1ſt term 4, the 
Quotient or 4th term is 108, which 


Ware ſhillings, the fame name of the 
zd term; then 108 ſhillings divided 14 


by 30 gives 51. 8. F 


35 yds. yds. t. 
9 1 


24 


404320 108 ſhillings, 


2,0) 10,8 ſhillings, 
5 be, I — ; * 


5 pounds. 
"Anſwer © C. Bs. 


Gun II. If I lend 200 ,. for 12 ie how long ought 1 to ' have the 
- Ds N. of. 150 be to 7 recompence me ? 


3 the 3 or 4th term is to 
be time; therefore let 12 months, 
given time, be ſet for the 3d 
3 Now it is evident, that the 


the 


150. being leis than the 200%. 
be kept a longer time, and ſo 


thi 4th term will be greater than the 
Zd term: Therefore the 200 is put 
for the 2d term, and the 150 for 
the Iſt. Then the zd term multi- 


. 
150 — 200 12 
12 


— - + 


; 15:0)240,0(16 months, 
a 15 EP 
380 


„ 4 "TMY 16 months, 5 


- 


7 plied by the 3d, the Product will be 10 
Td 2400; Which being divided by the 1ſt teria; the Quotient 16 is the 
= 4th nh” 3 and becauſe the 30 K term Was months, the Ach term will be 
ne mon Sy" 


9 
9 > 
* N 


boy & | | ; 2 . 57 — 


I Quesr, 


g * 1 | : * * 


4 '  ARITHMETICE, Beck 1. 

5 Quvesr, III. bat will 1836 1b. Quzsr. V. What will 420 yards 
3 | of raiſins come to, at the rate of 6 5.|of cloth come to, at 145. 104 d. for 
_ 8d. for 2416.7 © ups 1 ell Engl??? 2 
lere as money is the thing! The term ſought being money, 
ö ſought, money mult be the zd term: the 145. to d. muſt be the 3d term, 
And as 6s. 8 d. conſiſts of two] and be reduced to farthings; alſo 
names, they muſt be reduced to one the 1ft and 2d terms are to be re- 


name, viz. pence. duced to quarters of a yard. 
EAN 13. 16. 93. d. pg Ell Eng. yds. $+ 4. 
24 — 1836 —— 6. 8 * 420 — 14 10% 
a pe oe NG cir ae LM Fe. 
ES ee 7: 
% = 3. -5. - 2080-4 158 
7 | 1 „„ 
24) 146880 (61204. Ath term. 7 43 On. ĩͤ 
— 12)6120 _ — | 
5 — . 11760 
24 2,0)51,0 ( 105. 
ann NS or HR I RT © inet | | | 
43 254. FFW; 
48 8 | 4)240240 farthings==4th term. 


„ 12)60060 pence. V 


Veen. 
. Here the 2d term being multi-: 1 
plied by the. 3d, and the Product di-| 2.0) 500,5 5 ſhillings. 
vided py the firſt, the quotient is . 5 
5 „ 6 Th Diller; 7 al 6 ? 
8 * RI Y 2 ie Diviſor 5 being a ſingle digit, 
Quvxsr. IV. If 20 yards of cloth, the Quot. is written under the Divid. 
S quarters wide, will ſerve to hang a Quesr. VI. A owes to B 463 L. 


| ut compounds for 7s. 64d.” in the 


room: How many yards of 4 12 
wide will | ſerve to hang the fame bound: How much muſt B receive 
for his debt? | 


room ©. | 
Here yards of length are required; xx 8 
7 | Here compoſition money is the 
then 20 yards muſt 3 che 3d term. ching ſought; then the 3d term 
e "76 {muſt be the compoſition money, 
viz. 75, 6d. 0 


e ee ee 


- 4JrooE - „„ 

e — 4 , 41 X | | =o £4.58 
Anſwer 28 yards 4 . 1 

1 Hr 2,0 347.2 (122. 4 Ke = 


＋ 


„ . 

1 5 | Antwer 173 C. 125. 64. 
438. As it will be more convenient in moſt caſes to reduce ſuch. num- 
bers, or terms, which conſiſt of ſeveral names, to the fractional parts of 
their greateſt name, than to reduce them to their loweſt name ; therefore 


— > - uh 
© 


in the ſolution of ſome of the following queſtions, the inferior parts of the 
given terms are reduced by Caſe IV, of Reduction; and the anſwers are 
valued by Caſe V. e | 4  QuesT, 


1 
__ 4 
BW. 
* . 
* > * 
\ TS 0 
1 
n 
bs % * * | 
og 
"4 1 
© 1 
2 its 
2907 X of 
.» wh 
3,0 


5 "4 
. 


” 
Sa q 
15 

Fd 

* 


1 43 wD 
ATR 


| N | 141. come to at that rate ? 


5 for the uſe of 100f.. for a year? 


== ' Here intereſt is the term required; 


„ REY 


duct by 365, the Quotient will be 


Book I ARITHMETICK. 13 


- Quzsr. VII. I 8 bl. of pepper 
5 5 8d. : What will 3 C. Zara. 


1b. "> . qrs. lb. ere. a, 


$——— 7; , — 
— 6 
. 
— 4% ah 
822 _- 
— $4939 
12)6174 64. 
2,0)51,4. 145. 


| FF 
Anſwer 25 C. 14s. 64. 


. - QuesrT. IX. What is the intereſt 


of 584. for-a year, at 5 per cent. 
per pr dp Or at the rate of 5 L. 


therefore 5 Z. the intereſt of 100. 


2qrs. 14 lb. at 2. 85. 6d. for each 


Now 1 C. weight is 112 lb. 


Then the Product of the 2d and 3d 
terms is 1727376. bs 
Which divided by the tſt term 112, 


* 


* 


Qs r. VIII. One bought 4. 
Hhds. of ſugar, each containing 6 C. 


' $4 weight * What did the whole come © 
fo ? = 15 5 

V' LB; ́ ùÄ i - £- 5 4. 
be "1 — 6 2 14— 2 8 6 


— —— — 


And 4 Hh. at 6 C. 2d. 14 lb 296 lb. 
Alſo 2 . 8s. 6d. is 582d. 


the Quotient is 15423 pence, whoſe 


Ivalue is 647. 55. 34. 


QuesT. X. bat is the intereſt 
of 387 /. 125. for three years and 4 
months, at 3+ per cent. per annum? 
Find the intereſt for 1 year; then 
thrice that, together with 3 of one 
year, will be the intereſt ſought, 
. al 


is to be the zd term: And as the f | 

4th term, or the intereſt of 5840. 100 — 387,0 — 3,5 

is greater than the 3d term; then 8 f 

the 2d term is to be greater than the N 

iſt. . . 19330 
e and, 


18 100) 29,200 See Caſe V. of 
— __ Reduction, | 
gre . 


F 72 


Anſwer 29. 4. 4 
Qrs r, XI. That is the intereſt 
of 542, 10 f. for 219 days, at 5 L. 
per cent. per annum 
To ſolve this queſtion, find the 
intereſt for 1 year; multiply this in- 
tereſt by 219, and divide the Pro- 


e Anſwer, 45 L. 45.54. 
 _ Quvesr. XII. For how long muſt 


13.566 for 1 yea 
. 
8 40, 598 for 3 years. 
Z of 1 year==4,522 for 4 months. 
I The ſum 45,220 is the intereſt. 


— — 


487 J. 105. be at ſimple intere/t, at 
AL. per cent. per annum, to gein 
95L- 18. 34.9? , 

Find. what will be the intereſt of 
487. 10. for 1 year; divide 98. 
Ts. 3d. by this intereſt, and the 


the anſwer; and is 16L. 55. Gd. 


Quotient will be 43 years. þ 


64. uss r. 


* 


* 


4 


Ee” A 


* 8 
| Qn sr. XIII. One bought 14 pipes| 
of wine, and is allowed 6 months cre- 
dit: But for ready money gets it 6 d. 
in a'gallon cheaper + How much did 
" * ty paying ready money? 
Anfwer 44 L: 25% 


1 


ay EST. Xv. One bake 3 tons| 

54 ail for 153L. * which having 

- leaked 74 gallons, he would make the 

prime coft foo the remainder-: How 
5 it be fold per gallon ? | 

Now 1 T. 2217 Gall. And 3 T. 2756 

Subtract the gallons leaked—= 74 


* —— — 


V 


„ one” cf 
| Then 682—— „ 153,45 | 
Anſwer 45, 64. a gallon, 


1 


1 XVII, 1 13 or. 
100 {b, of good: What will 76 
come to, allowing 4.55. - jon. every 
"I 00 lb. for tret, or 1 

Since 41b. is to be allowed on the 


10o lb. therefore wr 8 is gem 


for 100. * 


3 a IH, 
Then wen e eee il 
Anſwer 1110. 76. 64. 


e xIx. Joni fl 
| ſugar be worth 363. 384 bs at will g 
be the worth of 875 1b. rebating 41b, 
upon every 1001b. for tares? 


Here the . has $00 N. on 
E 5 1. 8 
| bb. L 25 


Then 5 —6 — 875 

And the 4th term will be 840lb. 

Alſo 100 840 —— 1,833333 
Then the 4th term will be 15L. 

85. __ ſo much will hs! e come 


9. 
by 


— 


8 


ARITHMETIC Ek. 


hole come 10 ? 


Remains 682 
N Then ˙—— 147625 art. 40 


2 | Anſwer 491 4. 17 4. 64. | 


* r 
*, 


[advanced to, at 15. 


[Then -25. 84.+24=25. 104% A yard, 


Book T, 
Quesr. XIV. A clothier fold 50 
pieces of kerſey, each piece containing 


34 ells Flemiſh, at ibi rate 4 85. 
4 4. per ell e What id ” 


| Anſwer 50. 


. XVI. erung, 5 


of a ſhip for 147 C. 115. 3d. 
much was the whole ſhip valued at 2 


Now 2 3 of 3= = xi= SL by art. 38, 
For 2 X Fad” a new numerator. 
And 5 X 420, a new denominator. 
Alſo 147 C. 113. 34==147,5625. art, 
4% . 
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Quesr, XVIII. One has cloth 
which coft 2 5. 8 d. a yard : Hor how, 
much muſt it be ſold a yard on 3 
months 6 to gain 25 « per cents 
per annum: | 
mon. mon. . 
* 12— 3 — 1 — . 


* n 
e 
4% Y 


| £: 

Secondly 100- ,25——0,133333 . 
By multiplying and dividing, the 4h. 
term will be found 22. | 


the 1 88 N 


Quaar, XX. 4 5 apman ee 
terſeys for 1351 Hou mu 


0 ll them fer Niece to gain 15 w_ | 
cent? 
Find how much 1 will be 


per cent. 
Then this ſum divided by 81 will 
he t the ſelling price of each piece. 


S EE 
Now 100 — 1156 — 135 — 752 
Then 81) 155,25 (1916666 L. 


f 
| 
1 
| 


[ Anſwer 1 4. 185, FRO + A=PIECE. 
„ "Wor, 


* 


Quxsr. XXI. A merchant auh 
3s to receive a ſum of money, 15 offered 
ducats at 65. 4d. which are worth but 
6. 274. or chequins at 8 5." 2 d. each, 
| 
| 


= that are worth but 85. : By which 
== /pecie will he ſuſtain the leaſt loſs © 

Lid ; ;0 d b 5 2 24 
I | þ the advan. val, 
r. val. r. val. ad. val. ad. val. 


Then 74.5 —— 96——76—— 97,9 


But the chequins are valued at 98 4. 
Therefore the ducats are moſt ad van- 
tageous. nas | 


_- ,QuesT, XXIII. 4 perſon wants 
750 pieces of foreign coin, each worth 
= 115. 44: How much will they come 
15, allowing the broker the worth of 2 
Dices upon every 100 25 


Now 109 —102— 750 —— 765. 
He muſt pay for 765 pieces, 
Will come to 433 C. 10s. 


- 
* ” 


= Quvesr. XXV. A grocer bought 
W644 0 of pepper for 15 171: 4. 
== which proving to be damaged, he is 
willing to loſe 12.34. per cent.. For 
how much muſt he ſell it alb,? 


Since he is to loſe 1 


25 per cent. he 


= muſt take 87 £. 10s, for 100 {. Now 


1 diminiſh the 15 L. 17. 44. in this 
proportion, and this ſum divided by 


e 
n 
: 2 ol Lys 


gr r 56 Þ the real value; No, 1 


which 


e pounds in 44 C. will give 7 d. for 


29 
, Quxs't. XXII. One who had ſold 
a parcel of cloths at 2.5. 10d. a yard on + 
3 months credit, found he had gained 
25 C. per cent. per annum; What did 
the cloth coft per ard? 


1 . 
25——3——06,25 
And 100+6,25=106,25 RL 


166 


mo. 


Then irc 
The fourth term to which will be a 
fraction, the. value of which will be 
25. 8 d. which is the prime coſt per 

yard of the cloth, . 


* 


* 


 QuesT., XXIV. A gentleman 
would exchange 729 pieces of 46. 2d. 
each into ſterling money : How much 
will he receive for them, allowing the | 


Ibroker 14 V4 per cent, 5 


. 1 
Now 1—729—0, 208333 — 15 1,875 

the worth of the pieces. 5 
Then 101,25—100—151,875—150 L. 
He will receive 150 L. for them, | 


„ * 


5 | | 
_ Quesr. XXVI. Suppoſe 42 gal- 

lons of honey be valued at 2 . and the 
duty is 15 C. per cent. on this value, 
and a drawback of 5 C. per cent. on 


[the duty for. prompt payment: What 
{will the ready money duty of 672 gal- 


lans come to? 


26. 324. 
320. : 4,8. 
4.8 + 4250L+ 


Now 42G: : 632G. : 
And 100% .: 15L.: 
Alſo 100%: 95% 


- 
* 
- 
CY 
OS 
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hy 77 f Sy ” #54 bs g ; 4 . N | off 4 | = * | OT WILDE: 
Wa each pound is to be ſold at. Aver 44. 11% %. 
iN 5 5 | A 


+ * Jo 
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The Rule of Proportion is of alm 
. . 3 . 
-omputation is required; as in buy 
their dividends, the intereſt and 
duties on goods, &&c, 
mit farther illuſtrations. 


1 ? ? 


* 


But the deſigned 


oft univerſal uſe in all buſineſs where 

ing and-ſeJing,. values of ſtocks and 

diſcount of money; the cuſtoms and 
breyity.of this book wi 
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index of that power. 


index of the cube root, Ce. 3 


every next figure but one, reckoning to the left for integers, and to the, 
right for fractions; and there will be as many integer places in the root 


| and ſet the root thereof in the Quotient; ſubtract the ſquare, and to the 


8 except the right-hand olace ; write what ariſeth both i in the Root, and on 


tract, and to the Remainder bring down the next 1 8 double the 


„ TH METI CK. = Book L. 1 


SECTION VIII. of THE POWERS OF NUMBERS, 
AND OF THEIR ROOTS. © 


49. be PowtR of a number, is a product ariſing by r 
that number by itſelf, the produtt by the ſame number, this produt# 


by the ſame number again, &c. to any number of multiplications. 


O\ 
ſit 
ir 
tl 

50. The given number 1s called the firſt power or root. = FX 
Ihe Product of the iſt power by itſelf, is the ſecond power, or ſquare. n 
The Product of the ad power by the Aft, is the 3d power, or cube. n 

The Product of the 3d power by the 1ſt, is the 4th power, &c. u 
| tc 

6 

tl 


' 51. Here follow the 1ſt, 2d, and 3d powers of the nine digits, 


Roots, or 1ſt power 1 2 8 3 7 8 2 | F 
Squares, or 2d power 1 4 9 16 25 36 4 64 81 x 
Cubes, or 3d power 1 8 27 64 125 216 343 $512 729 1 


* 
i 


9 


Ex. 1. bat is the 2d Nauen, or! Ex. II. bat i is the 34 power, or IF 
ſquare of the number 24? ſeube of 38? — 
Now 38 x 3821444 the 2d power. ; | 
24 X24=576 is the 2d power. Tnen 1444 * 38254872 the 3d power. 


The figure, or number, ſhewing the name of any power, is called the 


Thus 1 is the index of the firſt power: 2 is the index of the af power 2 | 
3 of the third power, c. Alſo & is the 0 of the ſquare root; 3, the 


52. Any number may be conſidered as a power of ſome other number, 
Thus 64 may be taken as the 2d power of 8, and the third power of 
4 Cc. 
53. The root of a given number, conſidered as a power, is a number 
which being raiſed to the index of that power, will either be equal to the 
given en or approach very near to it. 


54 To extract the Square Root of a given © kd | 
RULE Iſt; Begin at the unit's place, put a point over it, and alſo over 


as there axe points over the integers in the given number. | 
The figure under a point, with its left-hand place, is called a period. 
2d. Under the left-hand period write the greateſt ſquare contained in it, 


remainder bring down the next period, as in Diviſion. 
3d. On the left of this Remainder write the double of the Root or. 
Quotient for a Diviſor; ſeek how often this may be had in the Remainder, 


the right of the Diviſor. 
th. Multiply this increaſed Dieler by the laſt Quotient-figure; ſub- 


Root for a Diviſor, and proceed'as before. : 
55. Fractional places will ariſe in the Root, by annexing to he « 
W e of Rs a ont bach, me TR the operations. 700 


- 


9 | p . . 
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5 Ex. I. What is the Square Root of 1444? 

BE Put a point over the units place 4, and alſo | 

== over the place of 1008s. Now the number con- $f: 

== ſifts'of 2 periods, and will have 2 integer places 1444 (38 Root, 

in the Root: Then the greateſt Square in 14, 9 

= the left-hand period, is 9, and its Root is 33 6 1 

= write 9 under the period, and three in the Root; $44 
now 9 from 14 leaves 5, to which annex the att 

next period 44; the Root 3 doubled makes 6, 

X which in 54 is contained 8 times, annex 8 to the 3 in the Quotient, and 

to the Diviſor 6, makes the Root 38, and the Diviſor 68; then B times 

68 is 544 and there remaining o, on ſubtraction, it may be concluded, 

that 38 is the true Root. | 


Ex. II. What is the Square Root | Ex. III. What is the Square Root 
if 363729612? = Ie 1,6092? 5 | 


36372961 Ws on. 1,0609 ( 1,03 Root. 
1203) 3729 | 203) 0609 
N „ oy” 

12061) 1206t e | | 
8 12061 | | | | 
red 


Ex. IV. Wet is the Square Root] Ex. V. What is the Square Root 
of 24081024 © ef 911236798,794.365? 1 
15 ; Aer 4968 i i Anſwer 2 86,699, Cc. 
„x. vr. iber is the Square R 911236798,794366 ( 3086.6 
9 76305820 „iSd us n 

993 e | | 6028) $2267 
 P0395820(8740,4702 | £0366) 404398 


ä r 603726) 4220279 
167) 12392 x 65 e 
JJ TI; 8 | 
1744 2058 85 Here the products are omitted, the 7 
OT: | 


| : { multiplication and ſubtraction being 
174804) 822000 1 


made in the mind. 


= 2999 Ila che VIch Example, after all the 
3 3 riods given were brought down, 
1 FF 3 1 8220, to thi h 4a 
=.  _ 12230609 | n 


e . riod of two cyphers was annexed, and 
17480940) 417910000 fthe operation .renewed, and con- 
349518804 ftinued until 4 decimal places were 
— —ͤ—— obtained in the Root; every period 
6552911956 brought down giving one place. 
N 56. To 


8 


— N — 
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56. Do extratt the Cube Root of a given Number. - 


* Rox Iſt. Oyer the unit place of the given number put a point, and 
- _ alfa over every third figure from the unit place, to the left for integers, 
and to the right for fractions; and the roct will have as many integer 
places, as there are points, or periods, in the integral part of the given 
number. | | 1 „ N 

2d. Under the left hand period, write the greateſt Cube it contains, 

| 2 root of which ſet in the Quotient: Subtract the Cube from the pe- 

riod, and to the Remainder annex the remaining periods; call this the 
Reſolvend. | N . 1 e „ 
34. To the Quotient annex as many cyphers as there were periods 
remaining; call this the Root. | „ . 


th. Divide the Reſolvend by the Root, add the Quotient to thrice the 
Square of the Root, let the Sum be a Diviſor to the Reſolvend, and the 
- Quotient-hgures annexed to the right of the firſt Root, without the y- 
phers, will be the Cube Root ſought. Y 1 5 
Sth. If the ſecond figure of the Root be 1, or o; then generally 3 or 
4 figures of the Root will be obtained at the firſt operation: But if the 
ſecond . exceeds 2, it will be beſt to find only two places at firſt. 
Sth. To renew the operation; ſubtract the Cube of the figures found 
in tae Root from the given number; then form a Diviſor, and divide 
zà⁊ãs directed in the fourth precept; and this will give the Root true to 5 
or ſix places: For each operation commonly triples the figures found in 
-the laſt Rot. e Rs 


— — — . — — 
- 
* 


Fg 
* 


Ex. I. What is the Cube Rot of 9800344 ® 


Put a point over the unit place 4, 5 je 
a 10 _ apather over the place of thouſands, 980034402 

and another over that of millions; 8 8 

and becauſe there are 3 points, there 5 
will be 3 places in the Root. Under 2,00) 18903, 44 Reſolvend. 
the left hand period 9, write 8, the _ fe IR 
greateſt Cube in it, and its Root 2 goot == Quotient, _ 


OOO OS BY AY —⁵¶ 710. DEI IE. DOI CAS —— — —— — — — 
— 
A 
9 


pony 
——_ 


— 
— — — a 
—̃ ny —— {Oo — 


write in the Quotient, then ſubtract-: 1200 thrice the $q. of the R. 
ing, the Reſolvend is 1800344: No.]. / . „ 
becauſe there are two periods re= 29001)! 903400 13 
maining, therefore two cyphers an- e 64H 

need to the Root 2, make it 200. 510344 

by which dividing the Reſolvend, 51884 155 

the Quotient is qgoor z alſo the . 
ſquare of 200 is 40000, the triple - The Root is 214. 

| thereof 120000 being added to goon, . . JFF 

makes 129001 for a Diviſor, by which dividing 1800344, the Quotient 
i is 14 nearly, and is taken as 14, becauſe it is much nearer to it than to 

; + 33 = 14 being annexed to the former Root 2, makes 314, the Root 
. 1 %%% URI nn OE EE 
A F or 214X214 £214 =9800344, ES 
BE To ED v8 N | Ex. II. 5 
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eu. u. het i the Cube Rost of 51874944875? 


518749442875 (8 
n 
3. oco) 6749442875 
1 „ 843680 
_ ( 
99940890674 442875 (035 
„ ALE $4 wo 
Ie: | MY 964132475 « 
))%%%%%CCͤöͤ o | 
In this example, becauſe 3 periods were remaining, and conſequently 3 
places more to be found; therefore in the laſt diviſion a point is put over the 
"2d place from the right hand, and the Diviſor is firſt to be tried in the Di- 
= vidend as far as this point, in which as it cannot be taken, o is put in the 
Quotient, &c, here the laſt figure 5 is too much, but it is much nearer to 5 HTO. 
an to 4 ; then 035 annexed to the firſt Root 8, makes 8035 for the Root. 


xx. III. 7hat is the Cube Root of 114604290,028 ? 


* 


—A i 5 0 . 12 


1.0% 50604290 | 
Ee 126510 . 5 | 384 
„ 480000 | | 


— 


- 6obg10). 50604299 60 NN EE 
Here 480 is taken for the Root at the firſt operation. 


Then 114604290, 028 (4 Fe — 
o | „ lied 
480) 4012290 The work of the Diviſion is ſuppoſed to be done 
— — on a Waſte paper, | : 
$359,9 the Quotient. 4 
691200 == triple the Square of 480. viz. 230400 x 1 


% 


= Diviſor 6995 58,9) 40 12290, 028 (5736 
VFC 10 480 the firſt Root, 
vr VVV Add 5,736 | | 


Sum 485,736 


24804 3 
209807 


„ : - 38170 7 

37. Here, inſtead of bringing down the figures of the Dividend to the 

= Remainders, the Diviſor is leflened each time, by pointing off a place on 
the right; but-regard is to be had to the carriage which will ariſe from 
we places thus omitted, 3 68 
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| | wiz. 6. 9 . 12, then 6+12==9g+g=18., 


Nr 
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SECTION IX. OB NUMERAL SERIES. 


58. A rant of three or more numbers that increaſe or decreaſe 
by an uniform progreſſion, is called a Numeral Series. 


59. If the Progreflion is made by equal differences, that i is s by the con- 
Aung addition or ſubtraCtion of the me wander; the ſeries is called an 


Arithmetic P rogreſſion. BSE 3 


1 4 5 Wn a 3 9 e. increaſing hs adding 15 


x Thus 3 6 9 12 15 18 21 24 27 Cc. increaſing by adding 3. 


49 43 37 31 25 19 13 7 1 Sc. decreaſing by ſubducting 6, 
are ranks of numbers in Arithmetic Progreflion : And of A. ranks there 
may be an infinite variety. 


60. If the Progreſſion i is made by a ace multiplication or dhviſion 


a with the ſame number, the ſeries is called a Geometric Progreſſion. 


l %% . 6: Ne. increaſing by 2, 


1 | „ 05 126 025 3125 15625 c. increaſing by 5, 


bibs 2187 729 243 81 27 9 3 Ic. decreaſing by 3, 
16384 4096 1024 256 64 16 4 1 Cc. decreaſing by 4. 


are ranks of numbers in Gesdtrte Progreſſion: And of ſuch ranks there 
may be an infinite variety. „ 1 5 5 


61. The common Multiplier or Diviſor is called the ratio, 
Thus. 2 is the ratio in the I rank, 5 in wad 2d rank, 3 is . ratio in we 


” 34 rank, and 4 in the 4th rank. 


62. In any ſeries of terms in Arithmetic R the Gam of any 


two terms, conſidered as extremes, is equal to the ſum of wy two terms 
taken as means equally diſtant from the extremes. 


Thus in 3 terms (where the 1 1/t and 3d are extremes, and the ate the. mean 5 
And in 4 terms, viz. 13. 19. 25 3127 Wd 
Then 13+31=19+25=44- _ 7 

Alſo in the terms 49 - 43. 37 31. 25 19 13. 7 1. 
Nees. 


63. In a ſeries of terms in Geometrie Progreſſion, the product of any 
two terms conſidered as extremes, is equal to the Product of any two in- 
termediate equidiſtant terms conſidered as means. 


Thus in 3 terms, Viz. 5 . 25 125 Or z 9 527. 

| Then 5 X125==25 X25=625, Alſo 3X27=9Xx9=81. 

And in 4 terms 4. 8. 16. 32. WEE 

Then 32 X4==16 X8==128, 
Alſo in the terms'1 . 4 + 16 . 64. 256, 1024 . 4096 — e 
Then a n On" RUN 


* 4 * 
WT 4.43 
: 1 <a 


— "INE 
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64. In any Arichmetic Progreflion, the ſum of any two terms leine 
by va firſt term; or their difference increaſed 2 the fiſt 1 will * 5 
term alſo in that progreſſion. 


er in the Progreſſion 1 53. 5 7» 9. 11 . 13 . 16 17 . 19 21 9 
Then 7 +11==18, and 18—1==17 is a term of the Progreſſion. 
wool ho SIR and ++ 15 is a term of the Progreſſion. 


65. In any Ge Progreffipn, the product of any two terms di- 


= vided by the firſt term ; or the Quotient of any two terms multiplied by = 
© the firſt term, will give a term alſo i in that ſeries. 5 


938 is thi:Progrejfon 3 Sein OL 48 96 A 192 A py, 768 G 
Then — 2 =384 e 55 3=48, are terms in the Progreſſion. 


66. 525 over a ſeries of terms in G Progreſſion, be written 2 
feries of terms in Arithmetic Progreſſion, the firſt term of which is o, 
tand common difference is 1, term for term; then any term in the Arith- 

metic Series will ſhew how far its correſponding term in the Geometric 

Series is diſtant from the firſt term. ; r= 
| Thus * 4 0 I af Ns. Wy | 6 0 ke. A Series. 
„ 37 81 243 739, Sc. Geometric Series. 


Here 729 is diſtant from the iſt term, 6 n 243 is diſtant 5 terms, 17 is 
distant 4 terms. | 


67. The terms of the Arithinetical Series are called 8 to che 
terms of the Geometric Series. 


T, bus 5 Fs the index to 2433 3 7s the index to 273 1 15 hs index to 3 Se. 


. . { i; 1 an ibi Progreſſion Given the firſt term, 
the common di VN and the number A terms. „ 4 F 
Required the laſt terms | 


RuLs. Subtract 1 from the en of terms, multiply the beider 


by the common difference; to the 3 add the firſt term, and the ſum 


Iu be the laſt term. CEL IS 


Ex. I. Suppoſe 1 wht g to be the firſt 0 cel terms, 1 an Arithmetic 
Progreſſion of 1074. terms: What is the laſt term? 


| Here 9—1 s is the com. diff. Now 1074—I=1073. | 
NET POO: 


— 


1 LR, 1 A perſon agrees to di iſcharge a certain debt i in a year, by lh ; 
= gayments,” vis, the 4 week 5 5. the 2d week 85. &c. conſtantly 1 "g 
aucb week by 3s, : How much was the laft payment ? 
ift. term, Now 52=—1= 61. | | 
3. com. diff. And 51K 32153. 1 
az Ne of terms. Zen I 5 3+ = 58 $e=7 L. 18:=laſt Payment. | - 
| ATLAS 6 . Fno- 


e IE TIE eL 


69. Fuer M W bnd danger, ba firſt term, 
ef term, and the number of terms, . 
Required the ſum of all the terms. „ HY EA AA 6 


Rur. Add the firſt and laſt terms bale oh this FORE? 7 AR by half 
: the number of Germs, gives the ſum of all the terms. . 


IRS” +: Ex. I. "Required the ſum of the] Ex. U. 4 debt i is to be dj ed 
2 1000 ere in mw; me in a yedr by weekly payments equally 
Wo NY ſinereaſing; the 1/4 to be 55. and the laßt 


3 | 7 L. 18s. How e was the debt P 
Vere 11 term, 1 com. dtr. 


100 Ns of terms, its 3 is 00. Here ROY: 18s. =1 507 af term. 
Now 1000+1=1001. um [Now 1; of terms, its 2 is $61 +. - 
Then 1001 IS e 1s the ſum ow 158þ5==163; | 


Then 163 X26=4238-=x} 72 187. 
4 | is the ſum of the 'termis; or debt. 


— 


e e 


ts III. Suppoſe a 7 and 500 foes were placed in a Arraight hints 4 
+: 15 diſtant from one another: Required in what time @ man could bring them 
one by one to the baſket, allowing him to walk at the rate of 3 miles. an hour 4 


Between the baſket and ſtones are 500 ſpaces; which is the number of terms. 
1 TE Now 500+ 1=501. Then 501 X250=125250=ſum of the term. 
wi But as he goes backwards and forwards, he walks 250500 yards. | IX 
w_ Which divided by 1760 (the yards in 1 mile) gives 142,329 miles, 

—_ Which at 3 miles an hour, will take 47 h. 26 min, 3 5 ſeconds nearly. 


3 V 70. Pn n III. fr a Geometric Progreſſion : Given the * 0 tern, the 
_ ratio and the laſt term. 

_ | Required the ſum of all the terms. 

Kork. Multiply the laſt term by the common. | ratio, from the Product 
ſubtract the firſt term for a Dividend. 

n SBrauotract 1 from the ratio for a Diviſor ; then divides and the Geet: 
will de the ſum of alh the terms. | 


= ”.. _ Suppoſe the firſt term of a ſerie to be 3, the ratio 35 and the ho 


_ | term 6561: Required the ſum of all the terms. 
—_ . * Now 65561 Slaſt term. 41 lad, 8 
A e REA ho Matz. by 255 J kati. 15 Sub. . | hv? 
=o 2 „ ah eve: v. 19683 Product Rem. 5 em wt 
14 125 | . 7 | iy Oy: * 3=firkt 1 term. 8 Ly IF 5 „ 
| CT oh 9 5 Ts 5 88 19880 Dividend; V 5 


Then 2) S is the ſum of af the terms: "hy 


1 Eb «us U. OM the fi 7 term be 2, he fiend term x0z aid the lit term 
| „ 1 Reguired the ſum of all the terms. 
Here 2) 10 (5 is the common ratio. 
8 Non 156250X5=781250. And fir 2g0ma==7812gd=Dividend 5 
in} 7% Alſo g— I=4 ted Diviſor. | N 
Then 4 781248 (195312 1 1s the ſum of all the terms. Pb . 


wy N may — 
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71. Probian IV. * 2 Chir TE. : Given the firſt term, 
the m— and the number of terms. 


Series, and over them their Indices. 
2d. Add together the moſt convenient lodiees to make an index leſs by 
unity than the number expreſſing the place of the term ſougt. 
3d. Multiply together the terms of the Geometric Series, belonging to 
WE thoſe Indices which were added; make the product a dividend. 
= Ath. Raiſe the firſt term to a power whoſe index is one leſs than the 


number of terms multiplied ; make the reſult a Diviſor to the former Di- 


== vidend, and the Quotient will be the term ſought. 


= Ex. I. What is the 12th term of a Geometric cs the Ar 7 term f 
S which'is 3, and ſecond term is 6? 


hog 8. , 

Wl T De 2 1s the © ccmmon 25 | „ 

LOA 11 5 6 Sc. Indices. 

5 $0 125 RE 1. * 192 c. Geometric terms. | 
Then 6+ gil, is the index to the 12th term. | | 


And 192 Xg6=1 84.32, 1 is the Dividend. 


© The number of terms multiplied together i is 2; and 2 2—1= t, the pow-er 
to which the firſt term 3 ĩs to ve: raiſed ; yur the firſt power of I's is 3. 
|. 432 © ; 
Then 144 is the 12th term of the giyen ſeries. 5 
I, : 


1 | him on condition of having one farthing for the Iſt nail in his foes, tuo 
= things for the 2d nail ; one penny for the 3d nail; two pence for the 4h; 3 


= nail to 32, the number of nails in the four ſhoes : Hp much would TRO 
Vorſe be fold for at that rate! 
| Here the firſt term is 1, the ratio 2, 10 the number of terms 34. 

4 Firſt, N ws the term. 
LI 1 s 7 8 Fe. Indices. | "> 

i} Now? * re a ; 5 : 8 . .. 32 64. 128 , 256 Ce. GR ewe. 
And 31 is the index to the 32d term, - | Holy 
Wi Then 8+ 8=16;*16+8=24; 24+7=31. 


aule is uſeleſs in this queſtion. | OY 
"08. Now 256 X256==655 36 is the 17th term. | | | 
AP 65536X256==16777216 i is the 25th tem. 
0 4 16 X 3 3648 1 is the 32d term. 
ee | l 414294967295 


tate /. 
8887855 A 200 89478485 | 
_ de 1K term. —— — ———_ 3. ; 
_ 2—1=1)"7 12049977 the ſum, of the] |__£47397%4 - 5%. 
i: I terms: or the Price, in farthings, of " Aniwer 77 924“. 87. oY 
_ Yo.l OOO. SECTION 


++. 
e p 
Bn: 1h 


quired mu term. | | 
434 Iſt, te down 6 or r7 of the leading terms in \ the Geometrie 


6 II. 4 per pen being oſted to di 72 of a P30 borſe ſaid he would ou 7 


our pence for the 5th; 8 pence for the Oth, &c. ; doubling the price of every 


The iſt term being. 1, any power thereof i 13 fo the ach article of the | 


* 


” 


"SECTION. X. OF LOGARITHMS. FH 


72. LoGARITHMS are 4 feries of numbers foxontrived, that by 
401 the work of multiplication may be performed by ae, ; and 
"the operation of diviſion may be done by Jubtration. \  * 

_. . 73, Or, Logarichms "ge js to a ſeries of numbers i in \Geome- 


tric Progreflion, 
þ0 7158 © 
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% 
9s we 
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e 
3 


2 as 2 1 * 
8 


0-204 


55 . 
PR. 
=; A . e A 
-  £, $7 4-0 war. Bey, 
8 2. S:, . Pt % * 


3 
3 . p = 85 
. 3 
n 5 
ö N 


ay i 1 5 1 &c. Indices or 1 
1 eh Sc. Geometric Prögreſſion. 


r 
* wr, re 
e eee 


Tos 
n 125 5 Oe. Indices or Logatithms. 
8 27 "243 Se. Geometric Series. 
n 5 Oe. Indices or Logarithms 
1 10 100 1000 ales. 100000 tc. Geometrie Series. Fol 
Where the ſame Indices ferve equally for any Geometric Series, 

74. Hence it is evident, there may be as many, kinds of indices or Los 
 garithms, as there can be taken kinds of Geometric Series. 

But the Logarithms moſt convenient for common uſes, are thoſe ped 
to a Geometric Series ee in a tenfold Fenn 281 in the laſt of 
the examples above. _. * 3 8 

75. In the Geometrie Series 1. 10 [100 2 7 . We. i KEE. the 
terms 1 and 10, the numbers 2. 3. 4•5 + were interpoſed, 
Indices might alſo be adapted to them in an N rogreſhon, ſuited 
to the terms interpoſed between 1 and 10, conſidered as a Geometric Pro- 
Bteſſion. Moreover proper Indices may be found to all the numbers that 
can be interpoſed between any two terms of the Geometric Series, 
Butt is evident that all the Indices to the numbers. under 10 muſt be 
leſs than 1; that is, are fractions: Thoſe to the numbers between 10 and 
100 mult fall between 1 and 2; that is; are mixed numbers conſiſting of 
1 and ſome fraction: And lo the Indices to the numbers between 100 and 
1000 will fall between 2 and 3; that is, are mixed numbers . of 

two and ſome fraction: And ſo of the other Indices. 
706. Hereafter, the integral part only of theſe malen vill be called he 
Index; and the ire ie part will be called the Logarithin : And the 
_ eomputing of thoſe fractional parts is called the making of Logarithms 2 
the moſt troubleſome part of this work is to make the Logatithms. of the 
prime numbers; that is, of ſuch numbers which cannot he. FO x4 Wy 
- Other number ma by itſelf and unity. 5 8 


77. e hr ee , es 
Ren iſt Let the ſum of the propoſed number and its next Kt au. 


ber be called A. „ 
2d. Divide o, 868 588963 * by A; reſerve the Quotient. © BY RE, . 


. 


2 
8 
1 
5 


| 4 
4 1 
= 
* * 
= DB 
3 » 


— 


1 The number o, 858588962 i i5 the Quotient of 2 divided b ee 
which is the Logarithm of 10, according to the firſt fort: of the, Lord. brew pier, 
who was the inventor of Logarithms, The manner by Which Maiers — | 
10 is found, may be ſeen in many. books of Algebra; but 4s here omitted, be- 
cauſe this 80 does not contain the elements of that icience ; However, 
thoſe who have not opportunity to enter thoroughly into this ſubjeQ, had 
better grant the tzath of one number, and thereby be enabled to try the accu- 
racy of any Logarithm in the tables, than to receive thoſe tables as truly 
"A 1 DFI wenn of gaming he e ere * Pin rid 
I 


x 3 1 
6 15 


22 A ESI 


— 


- CN 
. - UF 
% = ſh 


—_ . = 89 2898845 =,000000060. 


1 P 5 2 0 | Their ben is the ber of —.—— . 


A, "id tie reſerved Quotient by the Square of A, reſerve this 
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| Gives Root 0,2857 0 2 —— e 7916 — 0 ? 


e I e 2 6 4 4 7 x - 
** 


. * 2 4 ki * 


n Diviſor 2 ban e Here the Divide 3 cannot . 


* 
DEE 54. © 
® 


in the Index 2 2» znd gives for theſtaken in the Index f; then ⁊ bor- 
Quotient 7 


J. e 10 e wk owed makes with 1 TE * in which 
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5 * „ ˙ a At the Diviſor 3 will go 7: the 2 bor- 
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l- — "SECTION f. 1 
15 = 15 Definitions and Principles. eee 
1 E 0 METRY is a ſcience which treats. of the deſeri iptions 


7 properties, and relations of magnitudes in general: That is f 
chings in which length, or length and breadth, or length, MN. my 8 
thickneſs, -are conſideret. 94 22 

2. A Pod is that which has etch parts nor dimenſions. DIE 

3. A Lins is length without breadth : It is called. x. No 3 4 
-RicnT LINE when it is the ſhorteſt diſtance between 11 . » 
two es as AB: Or a CurveD Laws when it is j - 
not the ſhorteſt diftance, as o. TAE © Re FI 
A line is uſually denoted 25 two letters * viz. one at each 
end, as AB or CD. 5 

4. A SUPERFICIEs or Foster that 1 
which has on Prong and breadth, and i is Oper by. 
lines; e . 

5. OLIN is that ma mitude which le 
beat 3 neſs. 70 . ben, 
9 : IGURE is a bounded ſpac the limits or. b bi 7 
of which may be either lines ts rr CAS Ke 355 
4 A PLayz, ora PLANE FiGuRE,, is a ſuperficies | 
which lies evenly, or perfectly flat, between its limits, 
and may be bounded by one curve line; but not Wim 

: is than "Om right an as a Hy . 10 or "By To 


92 


— 5 Ex" Sp 
* * Ks 
* 
y 4 - 


—— 


. i Ha WN Pd 4 5 , 
IE Py 4. n 8 rr ne SS I A IE ETSY, ot 


— eB 0 M ET. R * „ = — Hook I. 
l EN 1 OF 3 b 
A Sei is a plain figu re, bonn by an uni- | 
7 "curved line, called the ircurfiference, as ABD, 
 whith is every where equally e e 9 as 0 
wy the PRs PO the CENTER. N 

9 A Rabe is 2 right Tine draw. x rom he" center, 
to 5 cixcumferetice:as CA, CD, or r. 
1" lar oe ve joy circle are equal, a $i 5 


1 — A ate; is an part of CY N 
or hs Ak, or the arc R 


11. A Cnord is a 2 line joining the ends To an are. as AB, and 

is faid to ſubtend that are; it divides the circle into two parts, called 

- SEGMENTS, ... 15 

12. A BiauET ER i 0 chord paſſing through "Ui center, as pl, and 
AW the circle into two Equal parts, called Szextretacrts, © | 

, The CIRCUMFERENCE of every circle is ſuppoſed to be 1 . 

Me 360 equal parts, called DEGREEs; each degree into 60 equal parts, 


| called 'MINOTEs ; each nue into 60 25 parts, N SOON Met 


II. A PAE Auer, is the inclination of two lines 
on the ſame plane meeting in a point, as Ac. 
A right lined angle is formed dy two right lines, 
"The point where the lines meet is cal led the 1 8 
pornt, as C. | | 
The lines which form the angle are called EY 
| Thus c and CB are the legs of the nes ACB 


Af li is ufudlh "marked by 18 letters, vis. one at 
| the, an ular point, and one at tht other end of tach leg; but 
that at he angular point In always to Ge cad the middle” 
letter, as ACB, Or BCA. 
15. The meaſure of a right lined angle i is an arc, 
as BA contained between the legs cs, ca, base 
the angle, the angular point e being the center of that 
arc. 

16. A Riour AncLv'is that, the meaſurs of which 
| wr a fourth part of the eircumfereince of a circle, or 
R trees. Thus the angle ACB 15 a Tight angle. 

| — ERPENDICULAR” is that ri ine which 
Wks at right angles; or which makes equal 
angles on both ſides. © Thus DC is perpendicular i * A 
when. the angles DCA und en art tqual, or are Tight 
. angles. A 
8,/AnAcure ANGLE; av Aces, is that which" l 
than a right angle DCB, 

e n OBTUSE dete s ere, is that which is 
er ter than a right angle 1 4 
| Acuteand-obtule ener Ortner Andtte”" ty 


. %% ¶ 61." SO PAs 


\ 
F 


— 


N \ 


— 


5 Book 1 l. G@EOMETR'Y. 


a0 1 Lives, : are right N in the ms 
plane, which do not ae to one another, as AB, 
f CD. 
ft. A TaiAxdIE is a plane acute bounded by 
three lines. 
22. An 'EquilATERAL ala is that in 
which the three lines, or ſides, are equal, as A. | 
23. AnlSesciLEes TRIANGLE is that B has 
oply two equal fides, as B'or C. 
24. K RIGHT ANGLED TRIANGLE, as ABC, | is wn oP 
| which has one right angle a 


| $75 25. An OnTvss ANGLED TxrancLE, as D PEE, bs. ; 
one obtuſe angle K. | 
20. An ACUTE ANGLED Taiener, as C, has all 
3 its Kung acute. 


27. A Quapaaxcie; or Gn is a 
plans figure bounded by four right lines, or ſides, 
A Quddrangle i ir gu expreſſed by letters at the op- 
ofite ang 
: a A Par LELOGRAM is a quadran e, the 
poſite ſides of which are parallef if 6467 as P, 1 0 
209. A RECTANGLE is a parallelogram with right 
angles: and in which the length is eur than its 
breadth, as K. ; 
30. A, SQUARE is a parallelogram having four 
equal ſides and right angles, as 8. LY 
31. A TRAPEZIUM is a quadrangle the oppoſite 
| ſides of which are not parallel, as 17. 8 
n eee of a quadrangle, is a line, as 
dn rom one es to its oppoſite angle. 
| The Wi of a Heure, is the line Th ſup- 
poſed to ſtand on. FO 
34. The ALTITUDK or Hz1Gur of a figure, is the. 5 
by erbte diſtance AB, between the baſe and the 
vertex, or part moſt remote from the baſe. 
$5/Concrvovrs Figures, are thoſe which . 
or correſpond, with one ag in every FEBS: | 


36. A TANGENT to a circle i is A right ling, as AB, 5 
oithing its circumference, but not cutting; and. the 


poinr N where: it e is Called the pain f _ 96 
wall,” | 


* 


G OM ENR V. 


37. Ah AnGLs, BAC, in 4 Segment, CADB, is, 
7 the angular point is in the circumference of the _ 
ſegment, and the legs including the angle paſs through 
the ends B; and c, of the chord of the ſegment. 
1 Such an angle is ſaid to bin a circumference ; and io 
Niund on the arc Bc, included between the 4 AB and 
EY et. 1 r 
38. Right lined figures, 3 more "han four Lies; are ella Pu 
gons; and have their names from the number of their angles, or ſides ; as 
- _ thoſe of five ſides are called Pentagons ; of fix 2 e ; of ſeven . 
ſides, Heptagons ; of eight ſides, Octagons, Se. 


* 4 __ ae e equal daes and equi 2H "i 


40. A figure i is ſaid to be inſcribed in a circle, 1788 all the Ines of 
that figure are in the circumference of the circle; 


- 41. A Hare is ſaid to circumſcribe a circle, when every f kde of the 
- figure is touched by the circumference, of the lg ORs INS 


— - A Propoſition is ſomething propoſed to be ee 1 3 requires 
either a ſolution or anſwer, or that ſomething” be made out, or proved. 


A Problem is a a praftical propoſition in which ſomethin is copoſed | 
| to be done, effected. 4 ? 6575 bs P | 


3 A Theoreta i is a eculaire propoſition of ni is which fometing is 
fe” affirmed to-be true. 


A Carollaty is ſome concluſion gained from a preceding propoſition. 


A Scholium is a remirkon ſome were, v or an b of © 3 
= the matter which it contains. 3 8 ts ' 


XVI „ 


An Axiom is a ſelf-evident truth, or r principle, that bewer- one afſents e to 
| we hearing it propoſed. . . 


— 


A Poftulate is a painsie ie or en, requeſted 3 the aer 0 * 5 
ty reaſonableneſs of which cannot be denied. i 


mn Mathematics, the following FORE * Axioms, a are e ſome of the 
bir ben ones that are generally taken ſor granted. 4045 


When a e en from ſuppoſed premiſes, aſſerts ſuch and ſuch con- 

ſequences; and ſubjoins, Aud the contrary: it is to be underſtood, that 

if the conſequences be aſſumed as premiſes then 8 were hrft taken as 
Th premiſes, wauld become conſequences, - & 5 


T Thus, in Article 95, it is premiſed, that if ta 1 right Bess are 
cut by another right line, there reſults this conſequence; 2 alternate _ 
angles are equal. And the contrary means; that where equal alternate 
angles are made by a right ling Toes © two other right deen ; the right lines 
3 20 are -4 cone os TOY | | 
788 - Poſtulates, 


$27 * f ; w 5 ö % i 


TIT 38% R $39: - 1 | ; 38.2 


. 77 BY; Pita! * Ek 


| 45 IS 43 I. That a dicht line'? may * daun row x any given point to an- 
e given point. x | 


4% II. That a given right line OT be \contnul, or 1 n 
Fe bs . . 
5 III. That from a given point, 110 with any radius a acirle may * 
FW aeſctided, 


\ x 


4 


Axioms. ; 
wo I Things od to hs ſame thing, are equal to « one macher. 


47. II. If equal things are added to equal things, the ſums or wholes 
vill be equal. But Fo unequals be added, the ſums; are unequal. 


48. UI. If equal things are taken from equal things, the remainders, 
or differences, are equal: but are une qual, when unequals are taken. 1 


wo he at n FIT * 2 8 8 


IV. Things are 28 which are double, triple, quadruple, Hr. os 
half, third part, Kc. of one and the ſame thing, or of equal things. 


50. v. Things which have equal meaſures, are equal 8 And as cus 
trary. 


51. VI. Equa kcircles have equal radii. „FV 


32. VII. Equal arcs in equal circles have equal chords and” are the 
. meaſures o equal angles. And the contrary. 


53. VIII. Parallel right 18 have each the fame inclinaion t to A acigh 
ne cutting them. 8 


In what follows, it is to . RY! tk 1 lines (viz. ftrai he 
lies) are drawn by the edge of a ſtraight ruler: circles or arcs, are de- 
ſeribed with one foot of a pair of compaſſes, the other foot reſting on the 
point which is taken for the center; and the diſtance of the feet, or points, 

of the compalles is taken as the radius : alſo, that the point marked out 
© BP letter is to be underſtood, when the reference is made to that letter. 


54. It is alſo taken for granted, that a line oc diſtance can be taken be- | 
| | tween the compaſies, and may be transferred or applied from one place to 
another. Alſo, that one figure can be applied 725 or 5 9 282 . 


ar conceived to be ſo applied. 
In any problem, when a line; an gle, or figure is ; faid to be given; "that. 
| lin on, or hgure nook be r 6 eee any part of the operation is 
aan, | | 
Z oo nn SECTION | 35:6 


= 
8 | SS Ks 


8 E C T409 N. 41. | 


ITZ. N 


| | Gromerrica Problems. 

+ "PROBLEM I. 

1* fas To biſect, or dinide into wwo gu parts, a given line AB. 
S . iſt. From the ends A and u to 

with one and the ſame radius, greater than balf ; 


ab; deforibe-ares-outting'in e and . (45) 
Ad. A line drawn from c to v, gives x, the middle 
of AB, as required. 
The proof E 5048 wn on. on articles 
101, 99. 7 
n 75 5% a given 1 15 lined New e 
> OptrArION. iſt. From 8, deſcribe an arc ac. 
2d. From A and e , with one and the ſame radius, 
= Arcs cutting in 'D. (45) 
A right line drawn from 3 to p will divide the 


* into two. equal parts, as required. 
. 15 2 1 en article x01, 


57. e 


Fe "Fran a given ; point By in a given "ew line 155 to draw a Ate line re. 
"Om to the given line. 


Casx I. When B is near Fake middle of the V ine. 


"i if. On each fide of a, take he Ter 
equal diſtances BC, and BE. AS, eee e 
2d. On e and x deſeribe, with the fame radius, 4 
arcs cutting in s. 45) 1 007 
3d. A right line drawn through B and u will de 
0 rpendicular required. Ow (43) es $M Le 
"The prof depends on article 103. 19 „er 


58. | Case II. When's is at, or near the 151 of the given Une. I 
Oris AriOR. it, On any convenient point c | 4 
taken at pleaſure, with the diſtance, or radius CB, | 
deſcribe an arc DBE, cutting AF in p and B. (45) PR 
ad. A line drawn through n and c will cut 1 
FBF — 
right line drawn B 2 = will ED OY” 
. be the perpendicular required. _ n 
, 2000 KY, on article 130. . 


-* 2 o * * 
3 


9 — 
- „ 


70 That is, firſt 9 an Sn Sack one ; point; "hs deſcribe an = from | 
de other pope with the ſame opening of the compalies, 5 


8 PRO. 


3. 1 FAY a. th. — ä Mi. rs -* 


— 


A ; 


Bool 1 TY GE O M E T R I. OF 49 


8 PROBLEM Iv. 


' 


Az in D and z. wot (45) 


divided into three equal parts. 


1 of tis iven angle in the points A, c. "ES 


form the angle kor equal to the a / ABC 


To 3 4 fine perpendicular to. a given right Ene kts From a 1 0 
without that > > 5 

CAS I. When the point C is weary ape te to the 
middle of the given line. 

OrtrATION. ift. On c, with one radius, cut 


2d. On p and E, with one radius, 4 ares . 
cutting in F. ls | 45) 


A line drawn from otto v will be the N 
lar req uired. 


50 11-2088 on article 10, me 


r 


. Y To any ' point D in AB, © 6 


the line cd. | | (43) * 99. ; 
_ 2d. BiſeQ the line cp in x. 65%, 70883 Reg 1 
3d. On E, with the radius EC, cut AB in 6. E A? 
Then co being drawn, will * the e, 3 - * j 
—_— : M . 
This * on article I 30. | 5 e eee Þ 

; 66. ö P RO B L E M v. 


275 trie dr Bude into three equal parts, a right = ABC, 


© OperariION. aft. From B, with any radius BA, 
deſcribe the arc Ac, cutting the legs Ba, BC, in a, c. 

24d, From A, with the radius As, cut the arc AC in 
2, and from c, with the ſame radius, cut ac in v9. 

3d. Draw BF, BD, and the 2292 ABC. ans be 


WY — 


This OO. on n 193. 4255 5 yy fe wEE . TT 
„ 5 LEM vi 
Ao Sen eint 5 f to make a right lined angle 0 1% a 8fven right 


5 dined angle ABC. 


Oyxrarion. iſt. 1 or and u, with the be Ha 
radius deſcribe the arcs Er, and ac, cutting the legs . 


ransfer the diſtance AC to the are EF, from 
r "I K. RT In Hy 5 3 
3d. Lines un from p, 8 x and F, will 


This Mae on en =. 
ver. 1 PAT l F a E 


"4 


* — — 
— 8 


* ao Sy 


— IE 


3 
— 


. — — and + 


% — EE ah — . n 


_ "OY 


rallel to as. 


Ne 2d. Draw ca, CB, and the "ONES" ABC is the 3 
triangle required. 3 
; 0 the + © 6 2 


an are F. 


f dat 5 


- GEOMETRY, Bok 
mw 2 PROBLEM vis ' 


| Te draw a line parallel to a given right line A. 
Cog I. ben the parallel line is to paſs en a N point, Ce 


'Orzn4rION. 1ſt. From c, with any convenient 
radius, deſcribe an arc DF, cutting AB in D. gs. 
2d. Apply the radius cp from p to E; and from 

E, with the ſame radius, cut the arc DF in F. 
3d. A line drawn through F and C will be N. 


This depends on article 101, 95. * 


64. CAsE II. ben the parallel line is to be at e's giv 1 . 2 ol 5 


OrtRATION. 1ſt. From the points A and 83, W 


with the radius c, deſcribes ares D and x. e . 


2d, Lay a ruler to touch the arcs p and E, and 2 


line'drawn in that poſition is the parallel tor agat —ů — 
This operation is mechanical, 11. = A. SOL 


w -. 3 a 


( ROB EM VII. | 0 


1 


Upon à given line AB, 10 mike an equilateral Wag, . 
OrERATION. 1ft. From the points A and , . 15 4 
with the radius AB, defcribe arcs cutting in c. r 

AD LY 


The truth of this Meru is evident; ; 3 iz 
185 are radii of TO es 1 „„ 
I 708 * 24] 4 F490 3 c K 5 ' 2 E . EB PE. 


. 
5 = 
% . . 2 " * _ 
s I 1844 
— 3 FLOW 24 2 4 2 - £4 
, 4. 


* 


34> 


66. By 4 | like o operation, a an i lccdeles e n hs 


| DEF- may be conſtructed on a given baſe DE witn . — 


the given equal legs DF, Er, either , or leſs, 
than the * DE. 


. N * N 37 18 , So 
* ; oY mI_ ; — i SE7 


7275 make a right lined triangle, the Fades of which foal Fe ropedtivel 1 


* 6 theſe Fl & given triangle ABC, or to three "as "A dad ** 


ibo f them taken together are greater than the thir- 


OrERATION, ft. Draw 4 line DE $ equal to the 
line Ag. ( 54). 
2d. On Dy with a radius equal to Ac, deſcribe _ 


3d. On n; with a radius equal, to BC,. 8 
another are, cutting the former arc in F. (45) 
4th..Draw FD, Tx, and the nr DFE wil be 


18 
- 


2 « 6.462 * 2 . Rr ne . wm wm eo _ 


152 T 4 by R098 = —— 
2 4 \ «i. 


— 


65 p ROB L E M XI. . 


| a given line Er, and breadt 


ference intb eight equal parts; and fo on a by conti- ; 


I This 9 on article 12 5. 


an GEOMETRY. 31 
ek -PROBLEM X. 5 


Upon a given line AB, to deſcribe a ſquares © 


- Oyznaton. iſt. Draw Bc ena and 9 3 

equal to AB. | (58) TT Rn 
ad. On & and c, with the radius An, deſcribe |; 

arcs cutting in D. (45) \ 
3d. Draw oc, Da; and the figure ABCD is the | ; 

ſquare required. 8 Ne 
This depends on articles 101, 104, 95, 30. 1 


To deſcribe a rectangle w ow” giv of n 3 2 n 5 
equal to another given 


line 8. 
OPERATION. Iſt. At x and t erect two pot. | 
culars, EH and F1, each equal to the given line 6. 


2d. Draw Hz, and the figure &F1H will be the 
| reangle required, ' | 


This depends on articles 29, 101, 04, 95. 


Q 


70. PROBLEM XII. 
Rog To find the center . a circle. 5 
Or ERRATION. fſt. Draw any chord AB. 75 


2d. Biſect AB with the chord cp. (5 5) 
3d. Biſect cp with the chord Er, and their in- 

ent e G will be the center required. 
This depends on article 125. 


"© PROBLEM XI. 
. ircumference of a circle into two, joe, eight fixtoens 


VER *” qbloty-tmue, Sc. equal parts. 


OPERATION. iſt. A diameter AB divides the 
circle into two equal parts. ö . 
2d. A diameter px, perpendicular to AB, 22 2 ä 
the eircumference into four equal parts. 

3d. On à, do, B, deſcribe arcs cutting in 47 13 A 
then by the interſections a, b, and the center, the 
diameters. FG, HI, being drawn, divide the circum- 


_nual biſection. 
For at each aperatian, the are ee arcs are biſetted, and the parts doublet, 


72 N " PROBLEM XIV. 


To deſcribe a circle, the circumference of which ſhall paſs thruugh thr: er 
grven. paints A, B, c, provided they do not lie in one right ling. . | 

OPERATION. ift, Biſect the diſtance cn with 
the line DE. | (55) 

. 24; BiſeR the diſtance an with the line ro. 

3d. On n, the interſection of theſe lines, with 


the diſtance to either of ho given points, deſcribe _ 
the circle required. 


220 E 2 IE 73. PROB- 


radius ca. (43) 


74 ab II. When the given point A is wit baut the given circle. 


which biſect in 3. (66) - — 


circumference in D. 


_ __PROBLEM XVI. 


ad, each equal to the ſecond term. 4 


. PROBLEM XVI. 


ing any angle, and meeting in 4. 
2d. In theſe lines take ab=firſt term, ac=ſe- 
1 cond term, and ad g third term. 


draw de 5 5 als ae is "_ fourth hoe dank re- 


8 He GE OMETRY. Book IL 

i GHEERS IS... = -- © 

To draw a tangent 10 4 given circle, that ſhall paſs through a given point A. 
BY A. - | 


Cas i. When A is in the circumference of the circle. 
OrERATION. rt. F rom the center e, draw the 


2d. Through A draw BD anpendicular. to CA 
(58), and nn is the tangent required. : 
Ti. 18 9 on article TIN 


OrrRATION. 1ſt. From the center c, draw Ca, 
2d. On , with the radius BA, cut the given. 3 
3d. Through , the line Ak bling drawn, will 


be. the tangent required. 
This 8 on articles 130, 1 26. 


To two given right lines A, B, to find a third proportional. 
OeztnATION. iſt. Draw two right lines mak. K | 
ing any angle, and meeting in 3. B — 
2d. In theſe lines, take ab=firſt term, and ac, — 


3d. Draw ba, and through c, draw ce parallel 


t 3d; then ae is the third proportional 3 4 X — 17% 2 


Ae ah: ac: : ad: e . 


Tbis . on article we 


: —_ 


To three given right lines A, B, c, to find a fourth proportional. 
- Orknarron; iſt. Draw two right lines mak- 8 ee eee 


3d. Draw 5c, and parallel to * through Fg 


quired. 
And ab: ac: : ad: are. 


_ This ara on | article 16 „ of q1 
* 46d is thes teat; SUES 6 ati - 8 55 wi | 4 
The ebarafter (. dang or ad the lage. [ES 1 
5 77. r 


* J 
. * 8 * 1 
: 5 1 
p St. * : 
* = * — 
m my * * 0 : \ N . " 
a * % 2 : ; * : 1 
. * A 


Fr « 
2 


- A; fo BÞ will be equal to A, and alike divided, 


vided into, viz. 1, 2, 3, 4, 5, © 


85 will divide AB as was required. 1 


2d. Draw EF paratel to AB, at any convenient 


minate, draw BC, meeting CC in c. 


n GroMerny „ 


n. PROBLEM xVII. 


Fe two given right lines a, B, to find a mean proportional. 

OrzxAr ION. 1ſt. Draw a right line, in which 5 
take ac A, ab B. 4 

2. Biſect he in r (55); and on x, with the ra- 7 FEET. 
_ dius Fb, deſcribe a ſemicircle ber. 

3d, F rom a draw* ae. perpendicular to bc ( 57)3. ;. 
then a+ is the mean proportional required. ves ins 

And ac: ae: : ae: ab. E 


This depends on article 172 Y . 


* 55 PROBLEM xIx. | 
To divide a given line BC in the ſame proportion as a given line A rs vi 
OrxRATION. Iſt. From one end B of BC draw , __ 

' BD, making any angle with Bc. 55 
2d, In BD apply from B; the fveral diviſions o& 7 


3d. Draw cp; then lines drawn parallel to cd 
through the ſeveral diviſions of BD, will divide the 
e BC in the manner required, 


This depends « on article 165, Y 7 | ITN 15 


PROBLEM xx. 


To & vide a given right line AB into a Propoſed number i equal parts 
08 poſe 7). 

PERATION. 1ſt, From A, one end of AB, 
draw AE to make any angle with AB; and from 
B, the other end, draw BF, making the angle ABF 

equa] to the angle 8A. (62) LT Ht 
ad. Begin at A and B, and ſet off, on theſe lines, ⸗ũ ſ 
as many equal parts, except one, y AB is to be di: 77 


34. Lines drawn from 1 to 6, 2 to 55 3 to 4 . - 1 


"This depends on article 165. 


. | Hther Mathed, © 
OrERATTION. iſt. Through one end a, draw A 


C 
line cc nearly perpendicular to AB. PR 


* 7 7 * . * 
e 
31 , 
TK 
are 8 * 
Wen 
7 1 : 2 " , * " 
py LA ©. *Q * 
7 - - * . 
* f 1 * % 5 * ai 
. - © - * * * 
K * 


. 34d. In Ex take, of any length, as many equal a yh — 8 
parts as AB is to be divided into; as I, 2, 3, 4 5 1 Tr SG It 


6, to F, TION 
4th. Through u and F, wir the diviſions ter- 


| Sth. Lines drawn from c through the ſeveral diviſions of EF, will cut 


4s into the equal parts required. 


Note, If the ſum of the diviſions from E to F chance to be leſs than as, 


the point c, and the line Er, will be on the ſame fide of An; but if greater, 


0 falls on ay * ſie, | : | 
: E 3 81. PROB» 
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— 


to ſome propoſed length. 


„ ae e een. 


%% - PROBLEM. XXL 
% // co NG 
OrkRATTON. 1ſt. Draw three lines, A, B, c, parallel to one another, 


Ind at convenient diſtances, ſuch as are here expreſſed, 


2d. In the line c, take the equal parts, ch, bc, cd, da, tre: each equal 
3d. Through c, draw the line pz perpendicular Wen! and parallel to 


' DE, through the ſeveral points b, c, d, a, &c. draw lines acroſs the three 


parallels a, 8, © ; then are the ſpaces or diſtances ch, be, ed, Re. called 


the primary diviſions. 


4th. Divide the left-hand ſpace into 10 equal parts (80), and through 


theſe points let lines, parallel to px, be drawn acroſs the parallels gc; and 


the primary diviſion ch will be parted into jo equal ſpaces, called ſubdiviſions. 
th. Number the primary diviſions from the left toward the right 
beginning at c, and the ſcale is conſtructe. 5 


a 
Fe 
- 3d 52 
| N 4 3 5 5 
ee 8 8 * renee th 8 4 33 a5, 
7M 4 an HE 7 n py || RR | —— — 2 
7!!! A C2 4 
\ \ "ERAS 2 5 PTR 2 oO ag 5 1 
ee ee eee REAR I 
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3 


Such Scales are uſeful for conſtructing figures, the ſides of which are ex- 


2 in meaſures of length; as feet, yards, miles, &c. Or to find the 


eaſures of the length of lines in a given figure. 


+ 
- 


Thus a line of 36, or 360, feet, yards, Ge. is taken by ſetting one 


point of the compatles on the third primary diviſion, and extending the 


other point to the ſixth ſubdiviſion: and ſo of others. | Ls, 
In theſe Scales it is uſually ſuppoſed, that an inch is divided into ſome 


number of ſuch parts, as are expreſſed by the ſubdiviſions, 7 
82. To find the diviſions of a Scale of equal parts, when any given number 


of them are to make an inch. 


OrzRATION: 1ſt, Make a Scale ca, where the orfmnary diviſions ſhall 


be each one inch; let DC be at right angles to ca; and the left-hand ſpace 


£6 be divided into 10:equal parts, and draw Db from any point v. 
2d. Draw DH, making with pe any angle; and make pi=ch, _ 
34. Take the number of parts propoſed in an inch, from the Scale ca, 
and apply them from Þ to u, in the line pc, continued if neceſſary. 
Ath. Draw ut, and c parallel to x1; and make bro. 
Sth. Through r draw rs parallel to ca, cutting pb in t; then rt will be 


o 


one of the primary diviſions, containing 10 of the parts the inch was to be 


divided into. 2 „ Fer 
th. Lines drawn from 9 to the diviſions of cb, divide rt into 10 equal 
"RM 83. PRO B- 


2 - 


— 


Scale of chords, and with this radius deſcribe an are 


7 PROBLEM _ 


n di the « ircumferenc of a Hee info degrees; z and ood to make 4 


Scale of chords. 


"Ovitk h rio. ft. Deſcribe the enictecte ABD, . center of which 


is C, and draw CD at right angles to AB. 


2d. Triſect the angles Acp, Des, in the points a, b 3 6 d (61): then 


Þy trials, divide the arcs Aa, ab, bÞ, De, cd, an, each into three equal 
nc nk and the ſeqicircumference will be divided into 18 equal parts, of 


ro degrees each. 
2 "Theſe arcs being biſeQed, will give arcs of 5 Woes: - 
4th. And theſe arcs being divided into 5 equal parts, by on will 


give arcs of Tt degree each. 


th. The chords of the arcs Ad, Ac, AD, ab Aa, and of every other 


arc, being applied from A on the diameter AB, will divide AB into a Scale 
of et ; which are to be rnd from A eaten B. 


2 
2 2 
72. 


'A Scale of chords is uſeful for conſtrudting an angie of a given number 


of degrees: And for finding the meaſure of a given angle. 


A _PROBLEM XXII. 


To make an angle of a propoſed number of degrees. 
OrrraTION. 1ſt, Take the firſt 60 deg. from the 35 


BC, the center of which is A4... 
2d. Take the chord of the vroboths number of de- 

grees from the Scale, feckoning from its beginninqů, 

and apply this diſtance to the af he, from B to 6. A TT” 
d. Lines drawn from a, through the points B and c, will form an 


an ie BAC, the meaſure of which is the degrees propoſed. 


If che angle exceed 90?, take half the number of degrees, and ſet it off 4 
ere from ; to c, and from c to c; or ſet off go? wh and eee the 
number of pr which the angle exceeds 90. | 


"PROBLEM XXIV. 


To meſure a given angle BAC.. 
From the angular point A, with the chord of 60 degrees, deſcribe the 


Rs. Ro. „ S194 44% 2 


are g, Cutting the legs in the points B and c. 


Then the diſtance Bc being applied to the . from the beginning, 
will wack the degrees which meaſure the angle BAC. 


8 Ss 


Cirele, ſubtended by a fide of the polygon *. 


number of ſides; 3 ſubtract the Quotient from 180 


af that polygon, and is called the 17 0 gh che i 


that of the polygon as before; and let the ſides in- Uh 


ſides Dok, E; or EG, HG; are readieſt found by WW 


56 GEOME „ Book II. 


bs. PROBLEM XXIV. 


In a given clock to inſeribe a regular polygon, the number 71 flex hoing given 
OrRRATTION. ft. Divide 360 degrees by the LAT 

number of ſides, and the Quotient will be the de- 

grees which meaſure the angle at the center of tbbe l iy 5 


2d. Draw the radius Cg, make an angle oo 
equal to thoſe degrees (84), and draw the chord 
DB; then will ps be the 14 of the polygon re 
quired ; which applied to the circumference from n | 
to a, a to bh, b to c, &c, will give the points to which the ſides of the bo⸗ 


| Dien are to be drawn. 


f the polygon has an even . of ſides, 1 the diameter AB; 
and divide half the circumference, as before ; then lines drawn from theſe 


points through the center, as ED, * give the 2 points, in x the | 
other . 


8 PROBLEM XXV. 


On a given right line AB, to grey a | regular. _ 7 any ered 


f number of ſides. 


 OrgRAT10N, 1ſt. Divide 360 TAR 55 the 


degrees, the remainder will be the degrees which 8 
meaſure the angle made by any two adjoining ſides 


on 1. 142 
: 2d. At the ends 4, B, of the line AB, "mkke angles 
ABC, BAD, equal to the angle of the polygon. 6 

3d. Make AD, BC, each equal to a. 
4th. At the points c, p, make angles equal to 


cluding thoſe angles be each equal to AB; 0 thus Foe 7 
proceed until the polygon is conſtructed. e 
In figures df any number of ſides, the te la 5 


deſcribing arcs; from © and d, or from E and n,, 


with the radius AB, interſected in E, or in G. 


In figures of an even number of ſides, having FAR bal the 8 


"ADs. AB, Ac gr, by means of the angles; the remaining: ſides may be 


found, by drawing through. the points D and F, the lines P;, rn, parallel 


and equal. to their rope ſides 2 Ap; and bs of: che reſt, 


2 


— 6” 


G7 F cr FI ill 4 as many caual angler. at he" center as. "a are equal. 2 5 
And the while cirrumftrentt 205 Hhe ſum of all the 185 at the cente 7 . r 2 
+ For each oa F the Z's ned wth radii drawn to: ad end, form an. w I Woke 


friang le. ; . 84 ict 3 


. Then the angh of 15 ee, is ante om ence 9 96, wb. cc . 
„rnos- 


by tt / 
— 


— 1 LES Im | 
? A * - — p - 1 WOES 7 * . 9 Sa 
. 


n A7 Ab: 2 AE. 


| 5 i dane, on article I Th 952 16 5 


er: Ftrout ry ©. 


„ PROBLEM XXVI 


About a given regular polygon, to e 4 cirele : or within that | 
polygon to inſcribe a circle. 

Or ERATION. Iſt. Biſect any two angles FAB, | 
CBA, with the lines A0, BG, (56) and the point o, 
where they interſect one another, will be the cen- 
ter of the polygon. RF 
2d. Acircle deſcribed from o, with the radius J 
GA, will circumſcribe the given polygon. ig, 

This e on articles 85, 96, 14. 

88. Again, 1 1ſt. Biſect any two ſides Fx, 4b, 
in the points ¶H and 1 (55); and draw HG, IG, at | | 
right angles to FE, .ED ( 57); then the point G, where they i interſe& 


| each other, will be the center of the polygon. : 


'ad. A circle deſcribed from G, with the radius GH, will be infribed? in 


che iven polygon. 
"i depends on article I 26. 


95% a. given right line AB, bs dels ſegment 2 4 cirele, that fl con- 


_ - Fain an angle equal to a given right lined angle c. 


_OrzrATION. iſt, Make an angle Bar equal 
to the given angle c. ( 62) : 
24d. From R, the middle of AB, draw HI at right _ 
angles to AB (57,), and from. a draw AI at right EY 
wa to AF (58), cutting H in 1. e 
MF From 1, with the radius 14, deſcribe a circle. _ 
hen will the ſegment Ac contain an angle 
An equal to the given angle c. | 
This depends on articles 125, 126, 132. 


PROBLEM xxynlI. 


75 divide a right line in continued project; in the 1 ratio 18 two given 
right lines AB, Ac. 
OrkRATION. fſt. From B, BE the lies 
AB (the antecedent) deſcribe an arc Ac. 4 
2d. In that arc apply (the conſequent) ac from 
A to c; draw Ac, and apply ca from c to o. | 

gd. Apply the following lines in the order 
| dhreQted, viz. AD from A to 4 and from d to ; 
Ax from A to e, and from e to F; Ar from A to 

Woh and from / to G3 AG from A to g, and from 
to n, &c. Then will the proportional lines be . 

Az, Ac, AD, AE, AF, a0, . 

AB: Ac z: (Ac) AC: (Ad) AD. 


_ A 45) AE : (4s) „ 


88 | GEOMETRY. Bock . 


SECTION III. 
wil Geometrical” Theorems.” 5 
WG. 2 £5,090" Ricnr: Lines AND Prana. | 
„% raren 19 
77 one rig ht line cb fands upon another * | 


Ine AB, they make two, angles BCD, ACD, which _ _ * N 
tog ether are equal to two right angles. UE IF 


8 
Dx MonsTRATION, For deſcribing a finicitele's ADB, on c. (45) 


Then the arc DB meaſures the angle Bcd. 5 "p/n 11 15 


And the are DA meaſures the angle AcD. 


But the arcs Ds and AD together meaſure two tight; angles. ths 3» 76 f 


Therefore Bcd and Ac together, are equal to two right angles (50) 


92. Corollary, Hence if any number of right lines cd ſtands on 
one point c, on the ſame ſide of another right line An; the ſum of all the 


| —_ are equal to tvo right angles; or are e by 180 W 


2. „„ THEOREM: 


If two right lines AC, EB interſeft each 2 n 
D, the oppoſite angles are equal, viz. 


1. rd ch and cr 4 ADB. 


| 1 
+ Du. For the angles ADE ind a b»thgtther mills two Foht tigles 6 ) 


the angles cDB and ADB together make two right angles. 1) 
E the ſum of Apk and aps=ſum of cps and ADB. (46 
Conſequently the . cbs is equal to the Z. aps. 1 £48) 


94+ T Cokox. Hence if any number of right lines croſs each other in 


one point, the ſum of all the angles which they make about that point, is 
equal to four right angles x z or is meaſured by 360 degrees. | 
95. „ͤ n MI. : - 
Va i oht line xx cut two parallel right lines Ag, 
ED "then ; is the outward angle. a || equal to the imward C 
and oppoſite angle d; and the alternate . Adu 
equal : and * OY | 6's £ 4 


Duns, Becauſe cn and an are e * a ess. e Bo 610 
Then rx has the fame inclination to CD and AB. 8 n (500 


„ this inclination is expreſſed by the . 4 or . d. 014) 
Therabes the outward 2. @ is equal to the inward an oo 4; 
Now the L ais equal to the Z c; ear (93) 
And ſince the Z. @ is equal to the Z. d; 5 

. herefore the alternate angles c and 4 are equal. ee (46) 


—_ ey 


RY 
_ 


3 


— — — — — 


* ak: 1 2. fand for the ls 2 D | 7 
by ' + Dem. fande for Demonſtration. SACS, + Conor. fande for Cd, 25 
(4 i _— 9 Rn goers Tl 116. | 
75 f * oth 


PP | * 


to. PR . * 
— 4 2 


& _ THEOREM 1V, 


In any right lined triangle anc, the ſum of the *\ 


it equal to the ſum of the two inward and oppoſite 
angles a, V. b 1 


EE Wo THEOREM v. 

one triangle ABC, are reſpictively equal to two fides 
 'DE, Dr, and the included angle Þ of another DEF, each 

li each; then are theſe triangles congruous. 


But CDS LA (by J 
And ſince Dr Ac (by ſup.) ; therefore the point F falls on co. 
Conſequently FE will fall on CB. | 


wo. THEOREM VI. 


Fo the included fide AB in one reſpectively equal to two an- 
Files p, E, and the included fide DE in the other, each 
10 each; then are thoſe triangles congruous, 


Dem, Apply the point v to A, and the line PE to AB. | 
Now as BE=asB (by ſup.) ; therefore the point E falls on s. 


three angles a, b, c, is equal to two right angles: , 
And if ane fide BC be continued, the outward angle f 


r 


Du. Through 4, draw. a right line parallel to Bc, (63) making with 


AB the Ze, and with Ac the 4.4. 
W- 


Now | . 4e=4b; and dg Ac. being alternate. (9 
And two right angles meaſure the 42+ 4a+ 44. 98) 
Therefore 4b+4a+4c=4:+4a+ Ad. Tb 1 473 
Conſequently U Z a+ 4c=two right angles. | (46) 
Moreover Lc =two right angles. _ (91) 
. =&-  _.* | (46) 


97. Hence, if one angle is right or obtuſe, each of the other is acute 

98. If two angles of one triangle are equal to two angles of another 

triangle, the remaining angles are equal. And if one angle in one triangle 

is equal to one angle in another triangle, then is the ſum of the remaining 
angles in one, equal to the fum of the remaining angles in the other. 
. | 72 e 


If two ſides AB, AC, and the included angle A, 355 


* 


Deu. Apply the point p to the point a, and the line DE to AB. (54) 


Now as DE = AB (by ſuppoſition); therefore the point falls on B. 
ſup.) ; therefore DF will fall on Ac. 


Therefore the triangles Ach, DFE, are congruous, ſince every part agrees. | 


If two triangles ABC, DEF, have two angles A, By and 


And as ZDS ALA (by ſup.); therefore the line Dr falls on Ac. 
Now if the line Ac is leſs or greater than the line pr; | 


hben the line rx not falling on cs, makes the /_s leſs or greater than L. x. 


But L = LE (by ſup.) ; therefore Ac is neither leſs nor greater than DF. 


Or the line Ac Dy; conſequently FE=cB, 
"Therefore the triangles are congruous. 


. | 101. THE O- 


Conſequently op is at right angles to as. G 


1 GEOMETRY. 
107. (ni; * H. E © R E M VII. 


Two rlangles ABC, per, are bog rudi, hh the 


three ſides in the one are TR to Wy three Abs in the 
other, Any to mw , 


A B | 429 

Per Ap Apply this habet 5 D to A, and the line DE tO AB. * (54) 

ow as DEZAB (by ſug.) ; therefore the point E falls WE. 

On A, with the 14 4108 AC, deſeribe an are. | 

Then as DF ZAC, the point F will fall in that arc. | 

Alſo on B, with the radius BC, deſcribe another arc, cutting the former i in . 

And ſince ET RC, the point P will fall in this are alſo. 

But if the point v can fall i in both theſe arcs, it can de wy where they 
interſect, as in a. 8 

| Conſequently the triangles are congtuous. F © 4 Ta EEE 


102. T HE OR E M vVnI. 


Two triangles ABC, DEF are congrucus, when two 
angles A, B and a fide AC oppoſite to one of them, in 
ene triangle, are fe} eftively equal to two angles D, | 
E, and a fide DF 470 to a lle 2 5 in the other rt * 

angle, each to each. | 8 8 


1 N 
DEM. Apply the point D to A, a the line pr to ö (54) 
Now as DF=AC (by ſup.); therefore the % 
And as E D 4 A (by ſup.); the line DE will fall on the line AB. | 
And if the point E does not fall” on By It muſt fall on mens other point 
„„ A | 
Then the angle A6c is equal to the 9 DEF, | (09) 
And the angle A (DET) AGC, which is not poſſible. 5 
Therefore the point E can fall no where but on the point * . 
eee the triangles are COngrugus. - | 


103. a THEOREM 1X. 


In the Theſceles, or equilateral „ Ach; 4 
Une drawn r the vertex .C to the middle of tbe 
baſe AB 1s perpendicular to the baſs and OT vo; 7+ 
vertical angle: and the contrary *. I 13 


| Pu The tridpgles ADC, BDC, are congruous. 
ince CAZCB (23); CD=CD, and Ab DB by 1 „ 155 
Therefore . A LB, LACD= BCD, EADC=£4BDcC. . (107) 


og. CooL. Hence 1 m any right lined triangle where there are equal 
| ſides, or vs cool] . | 
The angles A, B, oppoſite to equal ſides Bc, AC, are equal. 
And the ſides nc, Ac, oppolite to equal angles A, B, are equal. 


Phat is, if a line drawn perpendicular to the baſe of a triangle bilects 


95 "aw vertical angle - then that 4 "As be n and the perpendicular 
Varna rom the air of te bie 44 W 


oh 5 4 105 1AHEO. 


- 
Fa * 1 


Bock 11. EO M Ef X Y. 


. THEOREM . 


N In every park * ned triangle AB c, the greater angle 
c t e to the . r 


\ * x y 


Dzm. In ths greater ſide AB, | taks ab Ac; draw. oY ahd reg 


B draw BE parellel to cov. | — {OR 
Then the angles Apc, Ac, are . VVT 
And Z ADC=Z AB Z. %%; 
Therefore L Acb g Z ABE. CCC 1 (46), 


That is, a part of the * Ach is greater than the angle Anc. 
Conſequently the Cc is greater | than the n; and in the ſame manner it 
| "_ be ©; 1 to be greater than the £ 4, if the fide AB be greater than CB. 
ORoOL, Hence in every gue, lined, Reg. 97 be ſide is \ 
app to the Jorpeer able V 


„ þ +4244 PLE 
; X 
5 * p # 5 


"8 | THEOREM XI. 

Parallcherams ACDB,, ECDF, EGHF, fanding on 
the ſame baſe CD, or on equal baſes CD, GH, and. 
between the e ſamie parallels, on, AF, are equal, 8 


Deu. For AB=EF, being each equal to op. 
To each add BE, and AE EBT. 
hen ac Bp, and CESDF. 


. pv 4 _— 
* 


Then if to each of the trapeziums ABIC, FEID, be added the trian 1 CID, 
their ſum will be the parallelograms Ab and DE, which are equal. 5 
And in like manner it may beſhewn, Wt the parallelogram 1 92 is $ equal to 
the 8 EDS AWD. N 
N | e 


4 . ABC it ; the half of a ve 3 
AD, when they ſtand on the ſame baſe AB, wo are 
between the Jans Parallels AB, CDs 


ES 


Dis, AC is equal to DB, and as to F (28) 
Alſo rC is a fide common to both the triangles ABC and DCB, TO 
Theſe — * are therefore congruous. 75 (101) 
Conſequent the triangle ABC is half the parallel ram AD. 


109. Cobor. I. Hence every parallelogram is biſected by its diagonal. 
| 110. Coror. II. Alſo, triangles ſtanding on the ſame baſe; or on equal 
Y | baſes, and between the fame parallels, are equal. 


| | = They being we Wy: of ane under like circumſtances. 
; 111. bl H E Os 
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1 O E r R V. Book II. 


11 Aron I. 


In PA right uad tr ng BAC : the j fquare « on. 
the: fide ofite to the right angle A is equal to 
the 7 of + © poſe of the two fides AB, AC con- 
, the, fg angie" RR LA TIPS SQ) 3 


Pr On the ſides AB, AC, Bc, Se the Ghar AG, At CD 
{68) : draw AD, cx; and draw AF parallel to BD. (63) 


Twen the triangles ABD, EBC, are congruous. (99) 
For the C. ABE=C/Z BD, being right EL i LE \ 4 
To each add the angle Anc, then Z ERC and Z.ABD are equal.” . 

| Therefore Ex, Bc, L EBC are reſpectively equal to AB, BD, LABD. 4 O08 
Alſo the triangle ERe is half the parallelogram AE. (108) 


For they ſtand upon the ſame baſe x8, and are between the ſame parallels 
Ex and- Ae; BA making right an les with BR and Ca continued. 
Likewiſe the triangle ABD is half the parallelogram r. (108) 
For they ſtand upon the. ſame baſe BD, and are © between the fame 2pm 
MDs ©) 
There as the Ie of the parallelog rams 24 "a BF are equal, con- 
_; ſequently the parallelogram BF is equal to the ſquare AB. (49) 
th the ſame manner may it be he wn, that the parallelogram er is $ equal 
to the ſquare AG, 
But the parallelograms BF and cr together, make the ſquare cv. 
Therefore the ſquare CD is equal to the ſquares 1 EA and AG. 


51 


. 


112. 8 I, e if any two ſides of a ri an led trian le are 
how, the other ſide is alſo known. 1 Was | gled n 


Fo or dcr root t of the ſum of the PANE of AC ey AB. 
Ac ſquare root of the difference of the ſquares of Bc and AB. 
Ae root of the difference of the ſquares of BC and Ac. 
: 18 or thus, making the quantities 88. M. AB*, Te, to ſtand for che 
ſquares made on thoſe lines. 
And the mark y/ to ſtand for the ſquare root of lach h quantities as s fland 
under the ute! N to the ks of this mark. 5 


Then e XY 
O81 | Ac VCA; 
| ABEY BORE. | | 


. Scholium; "The. Lines ofa 5 Jengehs 5 4; 5 (a ber; doubl es, | tri ies, 
Ke.) will form a right angled WG. ; 


Fer r ＋3*— or 7515 


. 1 T2321 E12 


* 


114. ConoL, 


* Book . E OM HET RT. 6 


1 14. Conor. II. Of all the lines drawn from a given point to a given 
line, the perpendicular i is the ſhorteſt; | 


a 5. Conor. III. The ſhorteſt diſtance between two parallel right 
No is a right line drawn ron. one to' he other perpendicular to 9 — * 


5 16. Cobol. IV, Parallel pos lines, are equidiſtant; and the c c 
For two oppoſite ſides of a rectangular parallelogram are equal (28) 3 and, 
each is the ſhorteſt diſtance between ms « other ſides. | 


W 


117. \ THEOREM XIV... "i 8 


If a right "line AB be divided into any two parts Ac, en 1 * will the 


"ſquare on the whole line be equal to the ſum of the Jes on the Party W 
| ther with two rectang les under the two parts. 


That! is AB Tc xz; ade ness e TIS 


DEM. Let AD, AF, be ſquares on AB, ac. mn A. 
Then will FG, and GD, be each equal to es. (48) |. © 
Hence FD is a ſquare on a line equal to cB. (30 Eq 
Alſo FB and FE are recuungles on lines equal to — 
e | 
But the ſquares AF, FD, and the rectangles FB, FE, fill 
up the {quareAD, or are equal to AD. =» E 


118. Coror, I. Hence the fruare of Ac the difference Wee FE: 
lines AB D, CB, is equal to the ſquare of the greater AB, leſſened by the 


| ſquare of the leſs cp, and by two rectangles under 1175 lefler lne 1250 555 
| the ſald difference. * 9 


That i is AB—BC* =AB — Ve * Ac. 
For AB——BCZAC- | OAT 
Then iT *=AB 5 2B C * AC 148) 


* 
0 
e. 


119. Conor. IL The difference between * AR, Yet two lines 


AB, Ac, is equal to the e under the ſum and BC and "_— AZ 
—ÞC of thoſe lines. 5 | 


_ That i is WA =I AC. TED 
| For x AB*—"AC* EU. (217,48) 
= AB+AT: * (en- =) AB=AT. 


£ _—_— 


* The reftangle under two lines is generall ly expreſſed by three 33 ; the firſt tas 
letters ſtand for one line, and the laſt two for the other 4. 
Tous for. ACXCB, is written ACB. 
5 fer AB X BC, ts written ABCs 
A for 2 XACKCB, is Written zac. 
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64 wee I. Book II. 
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120. THEOREM XV. - 1 4 
Ir every pat, Ane the uare of a fide cp fubtending as an acute vine 
0 A, is Ne to the ſquares of ff 0s A fink yo AC, about that angle, le ened by 
co rettangles under one 0 if thoſe, 2 s AC, and that part AB contained between 


the acute mils and the prjenticuer DB drawn 10 dhe PT. Ac e it 


e angle o. 

That is, 5e 5 +70 AC*—2CAB 

1 * uy D 8 ay. 
rm 88 —i8 —AC =AD' Fe, 5 


And N . AC N; —2ABC, by adding B+ 
| 77% 2 X ZAB——BC X 727 

9 | Innere X2AB þ +, 

Then 5 15 25 e * 1 FE 


3 
.. 

121. Coen. Hence + ABZ — 

1 F : 250 


22. -THEOREM XVI. 


ebtuſe angle C is equal to the ſum of the ſquares of the 
obtuſe angle; together with two reftangles under one 


L $1 


x obs an el. NAR triangle ACD, the * of we AD 2 1% be 


Ss AC,. CD, about the 


fide AC, and the conti- 


nuation CB of that fide to meet a n DB Sen to it E a8 the 8301 


That i is, W. AT Ab 2AC XC CB. 


2 : 8175 122 21720 


Dns For -A- (S. cß.— E. (my + 


Ad  AB*=2acB+AC*+EB*. (177 
Then. ; r. (47). 
. . — 2 = 

123. CoROL, Hence 323 N = 


5 


wo — Go net 2 ˙⅛‚» Y — # 


5 | 


Are DBE, 
DE. From ts center c, draw the radii c p, c E, 


For CF being at right angles to DE, 


n 6 . NR T. 


A any Ru a diameter, AB, e e en 
to a chord, DE, b1 * that chord and its ane 


to the extremities of the chord DE. 1 > | 
Then the triangles CFE, CFD, are pry per n 5 
e Z.CFD= CFE. (17) 


| And the triangle CDE being egen (23), the ADELE (04 Alle | 


| ' angles fland on the ſame arc, BD. 
DEM. Through the point A draw the 1 Ab» 
hen the angle EcD=4caD+4cpa. (96) 


diameter, DC, drawn to the point of contact, Cc. 


Now the angle Dsc being right, the angle Dcs is acute. 74955 
Conſequently Dc is greater than v3. (106) 


Baut DC=DE-(9). Therefore DE is greater than DB, which is abſurd. 


© Therefore the 4 xch is equal to twice the angle Cap. 


er is common. 

berefore DF=FE: And the arc DB=BE: 

or thoſe ares meaſure the equal angles For, Fcn. (15) 
125. Coror. Hence, in a circle, a right line drawn through the middle 


of a chord at right A to it, paſſes through the center of that circle; 
and the contrary. | 


126. THEOREM XVII. s 


A Cent, AB, to a circle is perpendicular to a 


Dx. If it be denied that dc is perpendicular to AB, 
Then from the center p, let ſome other line DB, 
cutting the circle in E, be drawn perpendicular to AB. 


Therefore no other line paſſing through the center can be perpendicular to | 


the Anden, but that which meets it "at the point of contact, 
CON Af THEORE M XIX. 


An angle, BCD, at the center of a circle, is double 
of the angle, BAD, ot the circumference, when Woe 


But the Z CAD DA. „ 


In the ſame manner it may be ſhewn, that the angle BCE is equal to 
twice the angle BAE. 


- Conſequently the angle xp (= LECDHS; * F 4BcK) i is equal to twice the 


angle BAD (=AEADÞ+ ZBAE). 3 (47, 48) 
128. Coror. I. Hence an angle, BAD, at the circumference, is mea- 


ſured by half the arc, BD, on which it ſtands. | 
For the angle at the center BCD is meaſured by the arc Bo. 


(1 


* Conſequently the angle e ee the __ BCD, is meaſured by bal 


: 
as 
\ 6 
5 


8 fame arc, are equal. a 


the arc DB. 
129. Conor. II. All angles i in the circumference and finding on the 


(| 
nt * * I Mt 1 


— 


FIN: The mark. x, , ſignifies the ſum or e 
a3, / 


* 


— 


— K —˙wn 8 — — — Z 


—— 


e rr 
1 . 
, A 


1 


4 — —— 2— — — - 


bs 's obtuſe, 


* | THEOREM XX. 


circle, CDE, and a chord, CD, drawn from "oY 

pornt of contact, c, 1. zonal to an gngle, C, 
in the alternate ee and is meaſured by ha! . 
rens arc DC J the t 


7 e the 25 DEC * Ae are equns alſo. 1 ä Ly 


. GEOMETRY, 


VVV K EM XN. 


An angle, 1 B Ac, ina a ſemicirdle is a Heh one. 
An angle, W in 4 ſegment 495 than a Jemicircle, 


An angle, ZAC, in a Jexment greater than a y ho 49 
ci N is acute. 8 | 


Deu. F or the Angle BAC is -nifaſured by half the ſmicircular arc BEC 


or is meaſured by half of 180 degrees; that is, by go degrees. * = 


WE. 


And nac is meaſured by half the arc DEc, greater than 180* * 
_ Allo CkEàc is meaſured by half the arc Ec, leſs than 1809. 
Therefore theſe angies are e e to, * or leſs than go 


131. Con. Hence 3 in a right ines N BAc; the angular point 


A of the right angle, and "the ends, B, c, of the oppolite ſide, are 


equally diſtant from r, the middle of that ſide ; that is, a circle will al- 


—- 


Yo 


The arte” Alen, 1 Fa a 3 Ab, 5 4 a 


included en. 


— 


| * | 
N Draw the apathy FC, "ind; join 1 DF. 
The 45 ACF and CDF are both right. 


Therefore the . Der and DFC are together = =Aa right IR 


But the Z. acp and per are together = = HERE 80 
. Conſequently the /_DcF and pre = the Ich and ber. 
Take the L ver from each, and the L Dre = the „ 


But the C pyc and DEC are equal. 


— 


| ways paſs through the gt 1 and the ends of its 3388985 * 
We Le as a diameter. 


* ; \ . \ Fi 
* "ew" C = - — — — a — 5 FF . 
C 7 : 4 4 Aa \ Bets hl 


Fug. 5 A ſmall o put above any figure, ſignifies degrees. 


4 7 1 3 * 8 J 1 g 
2 N * pF oh + 3 


dx es? no right line can be drawn between the tangent AB and the 


: 45 g RY ; f 4 1 þ 6 4 oy * N i 5 x | | . : a : 
| | ) | II N | | CG E. O | E | R dv | 
0 * > 3 N * IS N: = 
4 * | "1% 8 * 
. : « | . 4 % * | 
þ "X E 


„ 


Me nap 3 6 in HEORE u XXII. 


an 4 1 arc Aur, and its Gavin AE, . 
nor! 4, ha ne can * drawn e the Pre of contact A. . 


— 99 > 


3 
2% 
| I 


| . Fori if any other right line. can de drawn, let it be the 1985 

nie AB. vg 

From v, the center of AHF, draw DG perpendicular to AB, curjng AB in 9 
G, and the are in x. | 

Now as Z bo is right; therefore Da is greater than v6. (106) 

But DAt=ÞH (9)... Therefore DH is greater than DG, which is abſurd. . 


3 34. on I. Hines 85 1 DAH, cintatied between TY gs 
pA, and an arc AH, is greater than any right lined acute angle. | 
For a right line aB muſt be drawn from a, between the tent Ax and 


. e foi AD, to make an acute angle. 


8 within a circle, their inclination, AED, or CEB, is mea- 


But no ſuch right. line can be drawn between AE and the arc AH. ( 133) 


185. Conor. II. Hence the angle EAH, between the tangent EA 1 / 
TG AR is leſs than any right lined acute angle. | | 7 


. 136. Conor. III. Hence it follows, that at the point 2 . the i 
are has the ſame direction as the een Foe 18 at right angles to WG 
nodal drawn to that e 85 


. . THE OREM XXI. 
If two 16 right lines, AB, CD, interſef any how 6 in x) 


* ſured by half the ſum of the intercepted arcs, AD, CB. 


DM. For . pu; . 05 LOR REO 5 : 1 


« 


The 4. AED= 4 EDB Z EBD. „„ (9% 
But the 4 EDB is meaſured by f arc es. | (138) q 
And the £ 88D. is meaſured by 4 arc AD. | ne 
35. RE oe the A AED is meaſured by half rwe are er, TR with 
balf ine are AD) 1 5 25 1 5 1 8 


5 eri e 


4 15 ſaid to have the [ame re 


85 Are or by equal: quantities, 


| ſequents for a new conſequent. Thus - 


„ on 0 n R 8 n 


, 


any SECTION IV. FR 
7 of Proportion. e 


N Dermirions and PaticieLss, C 
1738. One quantity A, is faid to be meaſured or divided by another N 


, when A contains B ſome number of times, eracth. 


Thus if Arg 20, and B=5; then a contains B four times. 
As called a multiple of B; and B is ſaid to be part of A. 


139. Tf a quantity a . =20) contain another ». (25) as many times as 


9 guantity C (24) contains another D (= 6); 3 th ven 


A and © ae called like multiples of B; and p. = 
B and D are called like parts 6 757 A Pres ©: 
tion 10 By as C has to dp. 

Or, like multiples of quantities are produced, 75 taking hell Redan- 


gle, or Product, by the ſame quantity, or by equal quantities. 


The Rectangle or Product of quantities, A and B, is expreſſed by writ⸗ 


e mark & between them. Ns a Tas or *, e we 
angle contained by A and 3. 


140. ben two quantities of a like 1 are nar Kerber, 45 Alt 


3 one 4 them has to the other, in reſpeci to quantity, is called Ratio. 


The firſt term of a ratio, or the quantity compared, is called the Ante- 


cedent; and the ſecond term, or the quantity compared to, is called the 


Conſequent. 


A ratio is uſually denoted by ſetting the antecedent above the conſe- 
quent, 170 a line drawn between them. | 


Thus = = ſignifies, and is thus to be read, the ratio of A to ad 


. be wut ple of a ratio = — is the 2 of e of its terms by the bade 


— taken C times. | 


The product of two or more ratios, 25 = is ſic _ bien the pro- 


duct of the antecedents for a new e 128 the Fee of the con- 
A X 2 3 


= Xe 


141. E onal ratios are thoſe where the 2 — are lite e, or parts 
+ their reſpefive conſequents. 

Thus in the quantities A, B, c, D: Or 20, 5, 24, tt; 

In the ratio of A to B, or of 20 to 5, the ase en a ae of i its 


a conſequent four times. 


And in the ratio of 0 to D, or 24 to 6, the antecedent is a multiple, of 


its conſequent four times. 2980 
That is, the ratio of A to B is the ſame as the =p of c to Mm fo 


: And this equality of ratios is thus. expreſſed, 2 ==, 


„ en. Nee 


1 \ * } 


| Book U.  SEOMETRY, 69 
1342. Ratio 7 equality is, when the antecedent is "ou to the cg 
| 4 Thus when A=n, then P or. 5 or 'F is a ratio of equality. 


143. Four quantities. are ſaid to be proportional, which, toben compared 
rogether by two. and two, are founa to have equal ratios, © | 


Thus, let the quantities to be compared be A, B, C, D: Or 20, 5, 24, 6. 
Now in the ratio of 4 to B, or of 20 to 5; A contains B four times. 
And in the ratio of c to * or of 24 to 6; C contains n four times. 


Then the ratios of A to B, and of © to p, are equal Or s. 9 


And their proportionality i is thus expreſſed, Ar B:: c: b. FP, (7 75) 
Alſo in the ratio of A to c, or of 20 to 24; & contains A, once and + | Fo 1 
And in the ratio of. B to D, or of 5 to 6; D contains B, once and 7. 


* | . . *y/ 13 0 , 228 A B 
Where the ratios are likewiſe equal, viz, < => 
| And theſe are e iſo proportional, A:C::B: o. 


144. 85 that when four quantities ot the ſame lind art „e the | 

ratio between the firſt and ſ:cond is equal to the ratio between the „en and 

. fourth; and this . l ee is called Direct. V 
145. 40% the ratio between the firſt and third i ts maſs ts the ratio between 

the . and fourth; and this proportionality is called Alternate. 


146. Similar, or like, right lined figures, are thoſe which are. equiangular? 
(that is, the ſeveral angles of which are equal one to 80 other 39 and 4 hen 
he 5 des about 3575 eg rie proportional. | 


: A 1 
Thus if the figures Ac Py EG are equiangular, £414 
And AB: BC: : EF; Fo; OrBc:cD:;FG: Gn; 
Then are thoſe figures called ſimilar, or like figures. 
And the like | in e or other Agures. 


| Sos Like arcs, 3 or tangents, in „ e anale are 4%. which 
 ſubtend, or are oppoſite to, equal angles at the center. 
Let F be the center of two concentric arcs A&B, © EB 5 
aab, terminated by the radii Fa, FB, produced; LL? | 
AB, ab, their chords, and op, cd, their tangents. 
Then as the angle cn is meaſured either by the 
arc AEB, or geb, thoſe arcs are ſaid to be alike, 
or ſimilar; that i is, the arc geb is the ſame part 
of its whole circumference, as the arc AEB is 'of 
ts whole circumference, 


Tu > 148. THEO. 


r 


* ; 


1488 * THEOREM XXV. 


6 E 0 METR 1 | Bock 1. 


F | 


Quantities, "and their like multiples, have the . rast. o £0 


7 hat i is, the ratio of A to B is equal to the ratio of oy 5 w twice B, 


A 2A 
or thrice A to thrice By c. Or us 8 ee. z that 1 is, 


8 
equal to che ratio of c times A to c 0 xr 


r 


Dan. For the ratio of 4 to B muſt either be 1 to [Ne ratio > of like 
multiples of A and B, or to the ratio of unlike multiples them. 
Now ſuppoſe the ratio of A to B is equal to the ratio of 12 0 70 unlike 


multiples, © times 45 times B; that i . 105 . a = 3 | 
| * DXB. MOMs | 
| Then a: Bi3CXxA: s (143). Anda: CXA::B: DXB. (145) 


7 herefore ——_ =— * — (144). Where the conſequents are quegual 
N 0:7 of their antecedents, by ſuppoſ ition. „% ea t/tE. - - 
But . is not Ee ual to 3 e Fo * I 5 I ; 
88 ff Or IS 10 200 
Cie end * > is ART to wana, e Tg e 
- 2 


Therefore the inks of unlike Gps of two quantities, is not equal to | 
the ratio of thoſe quantities. 


| Conſequently the ratio of two quantities, and the ratio of their mul. 

[ are the ſame. . 3 öð v 32 
FF Fates, | B NB . T4 4 1 | | 
149. Con. 1. In any ratio, if both terms contain the ſame quantity 
or quantities; the value of the ratio will not be altered by omitting, or 


taking away thoſe quantities. For S by taking away c. 


150. Cor, II. Quantities, and their like parts, have asl ratios. 3 
For a and B are like parts of c & A and c * B. A 


151. Cor. Ul, Quantities, and their like multiples, or me parts, 2 are 
r For A: :: A: & B. And A: & B:: A: (148) 


152. Cor. IV. If quantities are equal, their like RNs, or ne 
| parts, 3 are aiſo equal,” For if A=B3 and — N === 3 | 
1 are the antecedents and conſequents i 5 ratio of equality, 04) | 


153, -Cor..V. If the parts of one quantity are proportional to the parts : 
of another quantity, they are like parts of their reſpective quantities. 


For only like parts are proportional to their wholes ö (151) 
134. Con, VI. Ratios, which are equal to the ſame ratio, are equal to 
e nother. For th ratio of *— oF IS, of” 5 5 

J 1 

CO OI Ws I an LINES? {4 of 


Kok n. ; Eevourrtry: e 


155, Cor. VII. derts which are he * to the ne propor- 0 


ö tion are the ſame to one another. 
f 0 . B::E4F; Then c: den; F. 


RES 1 | A, E ; Gr 2 | | - 1 
. For 2=7; and f (144). Then 55 (46) 


1 56. Cor. VIII. If two ratios or pode are equal, their like kilos 
"cher by the ws or by equal quantities, or by equal FRO, are ally equal. 


| AXE cx: 
That is, F : Then Na 
| 1 =D BXE DXE 


And if zr; Then AMS CXF 
. BNE DXF. 


NF En AXE CXG 
Ad Af ne ; Then 5 0 


FW: BXF DNN 
For! in Maier caſe, the ratios may be conſidered as quantities. 4 
„ T HE OR E M xv. 


Equal een A and B, have the ſame ratio or proportion to another 
quantity c. And any quantity has the ſame ratio to equal quantities, 


That is, if ASR: Then 4: . And o: a:: ck. 
DEM. Since AB; then e is the like multiple, or part of B, as it is of A, 


Aud a: 1 c: (161). Therefore A: C:: 2 WO. (145) 
Alſo c: 8 B (151). Therefore C: . „ (145) 


15858. Cor. I. Hence, when the antecedents are nb, the FOO . 
ars equal; and the contrary. : 


159. Cox. II. . are e equal, which have the ume ratio to 3 an- * 


other quantity ; or to like multiples or parts of another quantity. 
Thus, if A:C::B:c, Then a=». | 


160. Cor: III. Since A: C:: E: ; and er Therefore, 


15 


when four quaztities are in proportion, As antecedent is to conſequent, 


ſo is antecedent to conſequent: Then ſhall the firſt conſequent be to its 


antecedent, as the ſecond eee to its antecedent : and this is n 


the inverſe an of ratios. _ 
161. "THEOREM XxXVI. 


In twa, or mare, ſets of proportional quantities, the rectangles under he 


= terms are proportional. 

That is, if A: B:: c: 53 and E; 7 10. LY 

Then AXE, _ res 
ns. 


D ” ber = B 5 Es iT 'H | . (144) 
- Therefore A ee. FC 17 F 
5 BXF DEH A 3 . (156) 
© Contequently AX 3 BXF;:CxXG:DXH | (143) 


F 4 hs 162, T HE O- 
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„ 15 G E OM E 1 . 
„ I R E M XXVII. 


In four proportional quantities n. Then the Rectangle or 


'- Produdt of the two extremes is gu to the Refangle or Frodus of the tio 
- Means. hat 1 is, AXDEBXC: 1 | 


ben. Since A:B::C:D by ſuppoſition, Therefore”: == AC 8 90h) 


A WET een e | 
CM > 2h | 56) 
And > (156). u F. TTW 110 ) 


* 


Therefore SEP 838 (46 hw where the conſequent are re equal.” at job 
BRD DNB | 


Conſequently A DR OB. + (158) 


163. Hence, if the Rectangle or Pd of two quantities is equal te- 


the Rectangle or Product of other two quantities 3 F thoſe four quantities 
are proportional. 


Thus, ſuppoſe the two Rectangles, X, Z, are att 3: 
Where A, C, are their lengths, and B, D, their breadths. ̃ 


— 
— 


Therefore A: G:: D: 3. —" 
That is, As the length of X is to the length of Z. . 
5 80 the breadth of Zi is to the breadth of X. = 8 — 


Then 1 6 = 1 0 X 1 


— 


In ſuch caſes, | the len 
their: breadths. 
Or that en A: 002 :D: * is reciprocal when AXBECXD. 


1 „ HE O R E M XXVIII. 


" four in are proportional, then will either of the 'extremss, and 


"the ratio of the produtt of the means to the other extreme, be in the ratio of 
. equality > And either mean, and the rati 


0 175 the product 2 Foe extremes to fe 
other mean, will be 10 in na ratio of equality, | 


5 5 3 | | FL —_— 
gths are 0 to de to one a ai e as 


| That is, K A: Bt: Cc: . „ Then 48. And 1 . 


Do | n ee 
DEN. . 4 5 0 5 by ſuppoſition. RE RD 
| Therefore Saen. 1 - c 
. | AXD —BXC B A* | "1g 
but EY 9 N . 0 
wen age, B. And 2. E 1 (46) 


: Book 11 U. 0 ME T RV. 


165. THEOREM XXIX. 


In any plane triangle, ABC, any two adjoining 
85 fades, AB, AC, are cut propfrtionally by a line DE, 
_ drawn aral to the other ſide BC, vix. 
AD: 555 > 3 AE s- Ov I ER Oh 


| DEM. 'T Ka n and c 3 Bb, ca, at e right 8 
gles to Bc, meeting ba, drawn through A, parallel 


3 F 
to 8c: Through p, g, the middles of Ab, aa, draw pp, 94, parallel to Bb 


or Ca, meeting AB, AC, in the points d, c; and join dc, | 
5 Now the triangles adp, Bap, and acg, ccd, are W (05, 100) 
Therefore ad = Bd, Ac cc, pd=pd, ge ge. | | 


But pp=99q(116): Therefore c Wh 55 (40) 
And dc is parallel to Bc. | | 116) 


In the fame manner it may be ſhewn, that lines parallel to Bb, rawn 


| through the middles of ap, Pb 3 Ag, 9; Will alſo biſect ad, Bd; Ac, cc; 
and that lines joining theſe points of biſection will alſo be parallel to BC 2: 


And the ſame may be proved at any other biſections of the ſegments of 
the lines Az, Ac: Alſo the like may be readily inferred at any other di- 


viſions of the lines Ab, Aa. 


Therefore lines parallel to nc cut off like parts from the lines AB, AQ. 


Then AB: ac : 25 an. Ak. And An AC : : BD E. (151). 
Therefore AD : AE: ITE 27 +: „„ i 
And by Alternation AD : : AE: ck. 4 7 (145) 


166. Con. Hence, 2 the ſides AB, AC, of a wikagls are cut pro- 


portionally, in D, E, the ſegments Ap, AE; DB, EC; of thoſe ſides are 


propartional to the ſides: And the line DB, _ to thoſe Ron, is 
* to the other ſide c. 


"367. THE OR E M. Xxx. 85 


Int equiangular triangles, ABC, abs the /i les about he GO 
5 . angles are proportional; and the . e % | 
70 equal angles are 725 Proportional, - . D 


DM. In 0a, Cn, take CHESTS CE 1851551 and draw F 
ls” JOG Ee 
Then the triangle AN ak being congruous. (99 * FFF 
The 4cpe=( La) LA. Therefore DE is parallel to a3. Ft 
In the ſame manner taking AF=ac, AG g; allo Habe, BI a; i 
and drawing ro, HI, the 


The FG 1s parallel to cx, and Hi is parallel to CA, 


hen „ ca; CcA3:; (esl cn. i} - 40, | 
. (aF=S) ca : CA: :(a6=) ab : AB. (165) 
n be , * : (BIS) 4 AB. Bm 


268. Con. Hence, Triangles have one angle i in each equal, and the 


ſides about thoſe equal gies proportional thoſe triangles are equine 1 
ind fimilar, 


a 4 HE 9. 


e triangles AGF, IBH, abe, are ROWS 3 there- 5 


a +. 4 
i 2 1 
8 2 2 ac — Ps) 2 * ITY . — 
— SES — n 


N GEOMETRY 
169. „ H E OR E M XxxI. 9 EG 
In 4 right angled triangle, ABC, f 4 . BD, be © 
drawn from the right angle B, perpendicular to tbe 
_ - #þpoſite fide, AC; then will the triangles ABD, BCD, | 
8 4 each fide the perpendicular, be 8 888 to 0 n ö 
5 due; and to one another. 5 85 


1 For in the ridugle ade, ADB, the 44 is comn 
And the right angle Asc right angle avs, . 
Therefore the remaining 4C= ABD. Egon (98) 
In the ſame manner it will appear, that the crlanigles 4 ABC, pe, are e like. 
| Therefore the triangles ABD) BCD, are We: ſimilar. | | 


= 


5 170. Con. I. Hence, ac : as 2 AB: 1 . 
„ eg bc. . 


2771. ths It. . a right line BD, 40 en from: a ee ee 
ol a circle perpendicular to the diameter Ac, is a mean e be- 
tween the ſegments AD, DC, of. che ene | 

And AP XHC=ZDB®, 8 | | (162) 


5 For a Circle, the Meter of which i is Ae, will paſs chrough A 8 C. (14 ) 


 Seholium. This corollary incleties 1 0 I ufually called one of the 


by chief properties of the circle, namely; 


Wo Abhſciſſas. 


© longing them; then the rectangle under. the ſegments, 


"The fquare of the Ordinate ts equal to the reflangle under the LY 


Here, the ordinate i is the perpendicular BD ; and the two Adis 410 
the two ſegments AD, pc, of the diameter ac. * 


172. THEOREM XXXU, 
. a RR if tzwo Si AB, CD, interſed? Mot | 
- other in E; either within the circle, ar without, by pro- 


terminated by the herons and their Wen, | 
will. be 8 0 > | ; 


Thar i is, ANR CE NED. 
Dx. Draw the lines Bc, DR. 3 
hen the triangles DEA, BEC, are . 5 
For the angle at E is equal (93), or common. 
| And the L DS C. B, as ſtanding on the ſame arc 
Ac (129). Fhen the other angles are as gs (98) 
Therefore AE : CE : : ED : BB | (167) \ 
Conſequentiy AE XEBSCEXED. (162) 


- - b : . k : » : ” * ' N 
f 5 - 
— * k H 4 : 4 > b 
* 1 — F , P : * y 4H 
1 F * { * a * 
. 8 A | : - > . > 34 *% / 1.2 {+ + + 
D. * ; 4 - 8 4 f a 7 N — 
. * 1 82 
1 ö : f N . i ” 1 1 3s 
4 . ol = % 
- A * — 4 
A . a ” * - 
YZ » * + 4 . YZ - - 
a # : ; | | * * * 
hl . F - - * - 2 G y 12 Y * 
” 1 — 
— had N — * 


- ©» 


NAT: "THEOREM nl. : 
Feind the leaft fide an of e given triangle anc, a ſemicircle be deſcribed 
- from the angular point a meeting the fide AC, produced in the points p, E; 
and from B, the lines BE, BD, be drawn, and alſo BG perpendicular to D R: 
Then the values of the ſeveral lines AG,.CG, GE, GD, Bk, BD, BG, may be 
© expreſſed in terms of the ſides of the triangle ABC, as follow 


—— 


— 


Or 0 —. (6) . : 


4 


"4 | i 

E AAB TNC 5 5 

175. c — For c AA, or to Ac—-4A0. 
N.. 


n oa BADIM mac 


And A A A 


38 
— 


* 1s 14,7 e 
33 7 2 2 
þ ' . „ 
* N : 


(149) 


2885 176. 3 BS” hav — B. | Here 2H=AC + AB— BC Ls 
„ "FA . AC+ AB—CB* - ew 
For oA CA A ——— (174) 


24 N AB+AC*+ AB —BC* „„ 
1 „„ ö 
e (117) Ps 
6 „ CE>—BC*\ Cd Cru, 
; e * 240 27 24 © 6d . 


Fo W. 8 
22222 CA+AB+FBCAKCASAB—BC 
"IIs n N * — — Na —— oo - 


o | 
9 | N " 2 C - 
: h ; , 2 1 y A 4 * - : 
# , x 9 * 83 4 * # 7 * . þ * 1 7 1 
W r 5 ——ͤ —— 9 ; 
Ef OO. ene 2H XH—BC. | | 8 
n 5 N NED, | * NE * ws... 2 — | £3 \ ] 40 
Z * TG 
2AC AQ <2: | 


x C 
. Y — 

1 Y le 

N 

N « 43s : => 


q 2." $- £4 _ * 
— "Dx. ; 3! 0 
* , - * p 8 ** Ph bþ W * FE * 
wb 1 1 4 _— ; 4 1 ve 
— „ v . b 7 * - , * 
1 I * $M „r Y Au 
: y £ — 33 
* 


—— <a — = 
— — — — — 
_ - —— — —— 


— — 
— - 


— — A; ee ——— 
— — — — 


% menen Hook. 


. 


HA * 2H—zAB | 


— - — 
77. bNπY h * ere 2H =AG+AD+ 30. 
Tag Fo? | | 
For cob aber le an A640 +D . > 0296) | 
| Ag . 
| 20 240 X AB—AT — + Be" 
1 . ER 240 DE 
777 2 TA + BC" BC —.—. WY 
a 3 
„ ; 1 . X DEED, (49) 
a . 2 * 
NG | | — FEET 
PREY 2aC WE „„ tg Ft 
| | ä 83 + 3 5s, 
5 EG "2*DAC A 8 
. er Jy 8 1 
For BE DE N OE. (12) ; 
| | CE ——RC* | 
e — . 9 
5 e 5 
79. _— X FIG XIFSIAR, N 1 . 8 
For fr bR K . (170) _ 
2 5 ; 5 BC*—CD* „ 
1 N Zac $ 77 7 
'Th refore 3D LAB” 
ſi N 2 pD= 2AC X BC* =D. (0 py 


180. BG =2;; * / H X FTE X FIC X Han. X wes | | 
For BG CRE X D. Therefore B30 = mY GEX 4/OD«. e 70 : 


And o. XHX H. (176) GD= 57 XHSAGX FER. (177) 


| 101 3 Hence i 18 derived the Rule ufually given for finding the 
area, or ſuperficial content, of a Triangle, the three ſides being known. 
_ - RuLs. 1. From half the ſum of the three ſides, dene each ſide ſe ve · 
rally, noting the three remainders. 


cual Multiply the fad half ſum, and the three noted remainders con- 
tinually. | 
I The ſquare r09t of the produ$t is the arts of the Triangle. 
183. T THE 12 
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: 184. . E 0 REM xxxlv. 


IS a a rojulas * ABCDEF, be inſcribed ds, 898 
circle; ard parallel to theſe ſides if tangents to the ; | 
circle be drawn, meeting one another in the points JA Bon Ee 
'@, b, c, d, e, F; then ſhall the figure it ormed ly 
| theſe tangents circumſcribe the carcle, and be —_ milar 
to the inſcribed figure. 


Den. Since the circle touches every ſide of the figure abcdef, by ce con- 
ſtruction ; therefore the circle is circumſcribed by that figure. (41) 
Through A and B, draw the radii SA, SB prolonged till they meet ms 
tangent ab, in a, b. | 
4 + Then the trianzles AsB, asb, are equiangular. 
For the 4 at s is common; and the other angles are equal, becauſe AR 
and ab are parallel, by ſuppoſition. 
Alſo sa sb: For the tfiangles AB, agb, are iſoſceles. (4104) 
And the ſame may be proved of the other triangles; and ale, that they 
are equal to one another. 
Therefore the figure abcdef has es ſides, and i is eee to the 
figure ABCDEF. SES. 
Now 8A : sa: : ab; and sA : s :: AF: of. (167) 
Therefore As : ab : ; Ar: 4 . And the like of the other ſides. (155) 
Conſequentiy the figures . ABCDEF, bee ef, are ſimilar, _ (145) 


193. Con. I. If two figures are compoſed of like ſets of nter tri- 
0 angles, thoſe figures are ſimilar. | 


WT 184. Cox. II. Hence, if from the angles a, ö, of a regular polygon 


As of the intercepted arcs will be the ſides of a ſimilar polygon, inſcribed. 
in the circle: and the fides AB, ab, of the inſcribed and nnn 
1 polygons will be parallel. | 


185. Cor. III. The chords or tangents af like arcs in different circles, 
are in the ſame proportion as the radii of thoſe circles, + 
For if a circle circumſcribe the polygon abcdef;. then the ſides of the 
_ polygons abcdef, ABCDEF, are chords uke arcs in their reſpective Cir- 
.cumſcribing circles. 
And ifa circle be inſcribed in the polygon ABCDEF, the ſides AB, ab, &c. 
- are\tangents of like arcs alſo : And theſe: have. been OT to be pro- 
portional to their radii sa, 6. SL BEOS 


186. Cox. IV. The Perimeters of like polygons (or the ſum of their 


ſides) are to one another as the radii of their inſcribed or circumſcribed 


Por s: s:: am: ab, 5 5 (48a) 
And as, ab, are like parts of the perimeters of their 5" RY : | 
| e SA; 5 5 5 perimeter ABCDEF ; perimeter abcdef. (1 51) 
e f . * | 187. TI'S E O- 


Fo 


_ circumſcribed a circle, lines as, bs, be drawn to the center s; the chords 


it 85 111 TFT HE O RE M XXXV. 
If there be two regular and like polygons applied to 
the fame circle, the one inſcribed and the other circum- 
. Then will the circumference of that cirele, 1 ( 
and balf the ſum of the perimeters of thoſe polygons, 
roach nearer to equality, as 25 number of frdes i in 

the polygons Oe . 


Dem. It is W at EPs that the Lett hexagon FOHIKL 
1s leſs than the eireumſeribing ſquare ABED. 


* 


And alſo that the inſeribed- Chong b is greater than the inſeribed 
ſquare abed. + 


And in both 1 the difference hotwernt the a and the ride 
is leſs than the difference between the diene and the ene, ; 


Therefore: the Söhne whether inferibed or circumſcribed, aer 
leſs from the circle, as the number of its ſides is increaſed. N 


And when the ber of ſides ; in \ both is very great, the e of : 
the polygons will nearly coincide with the circumference of the circle; 


for then the difference of the polygonal Pliers becomes ſo very ſmall, 
that they may nn as 40m Os EL | . 


And yet 10 long as there is any difference N theſe n 
though ever ſo. ſmall, the circle is greater than the inſcribed, and leſs 
than the circumſcribed polygons : Therefore half their ſums may be taken 
for the circumference of the circle when the number of Ws. ſides is ey 
5 | Sre eat. . | h ; 
"Has, the citroen, of circles are in e to one an- 
1 2 as the radii of thoſe circles, or as their Wiameters. | 


” 0 


| For we perimeters of the inſcribed arid crcuneridng polygons: are to 
one Opn as the radii 10 the rene 1 (186) 


6 And theſe perimeters 1 circumferences conimualy approach to 
_ OY: Y, | 55S, 1 


4 — 
ah * 


Book 3 GEOMETRY. 275 
1 | THEOREM XXXVI. „ 


Tk a els AFB; if lines, BA, DA, FA, be Saws 
rom the extremities of two equal arcs, BD, DF, to meet 
An that point A of the circumference determined by one 
of them, BA, paſſing through the center; then ſhall 
the middle line AD, be. a mean proportional” between 
the ſum AB ＋ AF of the extreme lines, and os radius 
BC of that Fires, | 


2 * 


Du. On p, with 4 "FO DA, cut AF produced j in k. 8 | 

Then drawing DE, DF, DB, the triangles ADB, EDF, are congruous. ( 10a) 

For ETB (LTDAT Trap (96)=) DRA (128). Becauſe: the are 

; DFASZDF+FA, | | 

And L CTA (104 = pg, by conſtruction; and Dr DA. Oy 
Therefore EF AB; and AE=AB+AF. 1 ; 
Draw cp; then the triangles ACD, ADE, are ſimilar, 

For they are Iſoſceles and equiangular. | a | 

1 therefore A005 AD 2.2 AD: (ARS) aB Tar. | (167) | 


4 190. Hence, 8 the radius of che circle is expreſſed byi 1, and one 
of the extreme lines, or chords, paſſes through the center; then if the num- 
ber 2 be added to the other extreme chord, the ſquare root of that ſum 
will be equal to the length of the mean chord. | 
For ſince Ac: AD:: AD: AB+AF (189.) Th. T5 ACN. (162) 
- Sh if AC=1, then AB 22; And AD*=2+aF ; 3 becauſe multiplying by 
1 is uſeleſs here. Thevefore AD=ZVa+AF. 
As the arcs BD and oA make a ſemicircle, they are called the ſupple- 
ments of one another: Therefore if the arc eD is any part (as, 3, 3 
Sc.) of the ſemicircumference ; then is 1 line DA CRE the eo 
mental Chord of that yo 


85 191. 8 15 the TO OS works of the 6 de Þ Ha- 1 
Pital, (page 319, Engliſh edition) this principle is applied to the doctrine 
of angular ſections; that is, to the dividing. of a given arc into any pro- 
5 r über, or equal parts: Or the finding of the chord of any pro- 
. 
For if BF was any . arc, the chord of which had a known ratio to 
the given radius Bc ; then as BFA is'a right angled triangle (1 300% the 
fide Ar=/ = (113) will alſo be known, And by this Theorem 


the mean chord ap will be known; and alſo ps (* AB —AD * the 
e of half the arc By will alſo be known. 435 


"And; by biſeting the arc DB-in o, and drawing AG, POT he mean ; 
| chord is known (189); and 6B (N is alſo given. 
And in this manner, by a continual biſection, the chord of a very ſmall 
ate may be obtained: the practice of which is facilitated by article (199) 
| E rom : page 330 0 of the ſaid york; 


192. Ex- 


5 LE 2 of which is 1. Or, required the fide of a re- 


. the diameter 7 9 8 16 2. 


Ls draw Dc, DA, DF. 


preſs the biſected points OY to the TR 
"19%, Now ſince Ac. 


4 


e ba (oc des) 1. 


——— a p . * 
pod rr. — — — 
* = — — — — 
bs 1 n - — 6 » 
— Wy — . - — ————————— — ENIERRe<PDn.—_ 
— — eo : ͤůʒ—. ——— — cot — — — — — 
< 


— 


a - — 
— — — — — 
. r 


Therefore the ge 0 chord of the are 
Ap, or of | 


f z of the 3 is FD ad 7 SYMP 85 
$6 he ne Jes is rd. 7 7. 
4 7 a ec 3 


1 . 4 N NG — A, i 


— — 
— > = 
Wo 1 , 1 
„ 5 6 = 
1 
, - s 4 — 
0 1 * 
* 
. 


— — — 


3 104. 3 ne ſide of a regular po 
| . bel in a 8 whoſe Glawieter 3 is 2, is 


$ 


— ot IO CAA ONS EY OI - —ͤñ——— — —ä 
— 


„„ wang D: 9 Ce WS — 


> 004 0 OI NGO AO OA, 


| | 

| i 
_ 
( 

| 
: 


gular polygon of 3072. ſides, e in a arc 


Tas Re be a ſemicircle, the diameter Ar 4, and center C. | 
Take the arc Ang of the ſemicircumference, or equal to bo 121 ; 


But L CADS Abe (104); then 2 canz(t22=) 55 i 


And as the triangle ADF is right angled at at 5. LETS | 
Then pDF=(VFF—aD* (113)= VIS 2=60050807588915 


TS. 192. EXAMPLE. Renee the chord 1 the. 
SY Wr part of the pay, bn of a circle, the ra- 


Let's repreſent the ler a: IG arc is ; biſeQted; ar the bent 
- a menge chord to that biſection: and let the marks d, 4, aul, div, &c. EX= 


on! bifeQions,” 


5 


Therefore Lc ADA Can (180 bes hing 5 5 1 cat) 


iP 1300 


5 2157320 30807568 TA | 
. -=1,9318516525781266 


=1,9828897227476208 
=1,9957178464772070 


7 2 Fd =1,9989291749527313 

| J td =/2+Fd'v =1,9997322758191236 
I e eee, 

| BL. 0 LE _ =y/2+ Fd" =1,9999832668887013 

11 ui 80 8 . Fifi ai =1,9999958167178004 

0 | OOO WE oo „ 
= Now ic hs addin chord of rz being known, the chord 

_ - „ part of the ee e z. 1 or of re, part of the whole 

| = circumference, is alſo known. e n | 


| That | is Lu = —F* = 1 E | 0,6020453073606764 


yon. of 3072 ſides, in- 
o, ooa045 307 3606764 


8 


* 


— 


- Whoſe ſquare root, or co, is equal to 


1 \ 0,00204 53073 3626764 
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GEOMETRY. $1 


195. The e of a  fimilar olygon 8 n 
the . 2 1 the xa Rd whic is Gs may. ve thus A ——= 


found. 


Let un be the fide of Ye circumſcribed polygoriz/ 
and draw BC, EC, cutting the circle in p ind.a@.... 
Draw DA, and it will be the ſide of the 19 


polygon; z and is parallel to 8. (11 84) C 
Draw cr biſecting the angle ver, and it will biſect BE . DA at right 
angles 103). And DG=(FDAS) IAT. | 


Then co ep VIA 


But Ad = eo10226 53080338. And its ſuate is G e gs 
Which ſubtracted from 1, leaves 0:99999895417945 


Kee aut he 
ow the triangles CBI, CDG, are ſimilar. | 7s, 
Then CG: : 2DG : 237. . (167, I 51) i 


- Therefore (2518) Erz 2 5 0160 9 85 ; For 1081. 5 


4 ⁰ 08, 2 180 
»* ©,9999994 770895883 f 453004301 95 


0 which is the ſide of a regular polygon of 3072 * eircumſer bing a 


eirele the diameter of which i is 2. 


74 % 


48 Schol 10. The ſide aka a regulat ne f 3072 8 ins 
ſcribed in a circle, the diameter of which is 2, is o, o204 5307 3606764, 
(194). Which" multipited by 3972, will give the perimeter of that poly- 
gon, which is 6,2831842119979622. _ 
The fide . of a ſimilar polygon, circumſcribing the fame circle, is 


o, 02045 3084 301895. (195) 
Which multiplied by 3072, will give for the perimeter of t = 


lygon _ 6,2831874973420925s 
The ſum of theſe perimeters W.-M 12,56603717093400547. 
The half ſun is 1 652831858 5, &c. © 


Which is very nearly equal to the circumference of a circle, the diameter 
of which is 2 (387), the difference between it 


and the inſcribed polygon being only <,00000164, {wa 
Land 5 circumſcribed polygon being only ©,00000 164, St. 


. r * 1 


— 


| 197. Now the circumferences of circles being in the ſame proportion 
- as their diameters.” | OT (188) 
Therefore the ier of a Circle being $77 9 


Tbe eircumference will be 33141 592, e which agrees with the 


eee as un by other . 1 


. 


W . 6. N ; 
8 N 
2 x 


OE 
3 


RS . 5 
1 ner reo ee 
/ Planes and l. ia Font og 
nt DzrimtTIONs Mid PhtirerFens: , 


198. A Une is ſaid to be in a plane, when it paſſes through two or more 
points in that plane; and the common — of two planes is a thong 
which is in both of them... ** * 3 55 0 \ $48 | | PA 7 1 , 


| 109. The inclination Py two ts Pune AB | 
ep, is meaſured by an acute angle GFH, made by 
_ two right lines ro, Fk, one in each plane, and both 

' drawn perpendicular to the common ſection WE 
_ ele pv from x, ſome point in it, 125 


8 —— 


— —_— * — and * * 
3 — 8 n Rs 7 - in_ 
— . Lg me. — — — — — — - — 
— — — ous tu Fe — — — — 
— ——ß I 
— — — — - N - R n 
— — — — — — — — - — 
— — — — - | - — — 2 — — — 


2650. A right line DE x interſeQling two ſides AG, 
Bc, of a triangle ABC, ſo- as to make angles CDE, 
' CED, within the figure, equal to the an 125 CR . 
| CAB, at the baſe AB, but with contrary des of the a -3/; 
triangle, 1s ſaid to > be f in a e 2 A Fa 58 B 
he baſe. e e N | rk HDD # fe of" 


—— 


—— — — — 


8 ———————— 
— | 2 = — —1 
— — — * - — 
—— —u—— —— I IL Ir nee a — 
— > — _ 
_ — — 


201. Ic a Sele in an oblique poſition FS viewed, 
it will appear of an oval form, as ABep; that is, it 
will ſeem to be longer one way, as Ac, than another, a 
a nb; nevertheleſs the radii EA, EB, are to be 
eſteemed as equal. And the ſame muſt be under- 


ſtood in viewing ag wane Ts. * na 
obliq vely to the eye. 


A. 
* 
* 9 


—— — —— — 
— Jo — 
— 


202. If a Foe be. fixed ky point C * 


plane of a circle ADBE, and this line while ſtretched 
be moved round the circle, ſo as always to touch 
it; then a ſolid which would fill the ſpace paſſed — 
over by the line, between the circle and the delt — 
* is called a Coxx. 1 N © IS 'D. 


203. If che figure A pBk had ban a en and eee fins 524 
moved along its ſides, the figure wien would then have been deſeribed, | 
is called a PYB An . „ 17 elf Wnt!” 

So that — * and Pyramids are ſolids which regularly per from 'a 
circle, or polygon, to a point. 

Ihe cicele or polygon'is called the . and the point E the Vinton.” 
Wen the vertex is perpendicularly: over the middle or center of the 
baſe, then the ſolid is called a Rionr Cox, or 2 RIGHT FRAMED 3 ; 

15 —_—_ an OBZLiqQue CONE, or OBLIQue PyRamiD. - 


204. If a Cone or Pyramid be cut by a plane paſſing through the rer- 


wx) Kue der of the baſe , the ſection ABC, or BDC, is a trlangle. Fas | 
E * bg | SES e ” 205. A 2 
4 : _ | ® Sa „ $ , : . 1 | 6; 


1 
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11 
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1. 
j x 
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11. 
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4 5 
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15 | 
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114 
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— ont of. 


205. A right line As, is perpendicular to a plane op, 

' when it makes right angles ABE ABT, AB, with all 

the right lines BE, BF, BG, drawn in that plane to touch 
tze ſaid right line 8. | . 


206. $0 that from the ſame point 3, in a plane, only 
one perpendicular can be drawn to that plane on the 


'207. A plane AB, is perpendicular to a plane op, - C 
when the right lines EF, Gn, drawn in one plane AB, at 
Tight angles to FB, the common ſection of the two 

plwKanes, are alſo at right angles to the other plane cp. 


5 | 208. So that a line EF, perpendicular to a plane op, is in another plane 
; AB, and at right angles to FB, the common ſection of the two planes. 
109. THEOREM XXXVIL 


tuo planes AB, CD, cut each other, their common ſection 
_ BD, will be a right line. ® 8 e 


= Dem. For if it be not, draw a right line DEB in the plane AB, from the 
. int D to the point B; alſo draw a right line DFB in the plane Se. 
1 125 Then two right lines DEB, DFB, have the ſame terms, and include a 
= ſpace or figure, which is abſurd, © 2 3 
1 Therefore DEB and DEB are not right lines: Neither can any other 

lines drawn from D to B, beſides Bo, be right lines. 
T Conſequently the line DB, the common ſection of the planes, is a right 


— 


two planes AB, op, which are both perpendicular 
fo a third plane EF, cut one another ; their interſeflion _ 
"HG #5 at vigbt angles to that third plane EF, 
DEM. For che common ſection of AB and op is a right line on. (209) | 
L Alfo HB, HD, are the common ſections of AB, ep, with the plane EF. g 
Now from the point u, a line HG drawn perpendicular to the plane Er, 
muſt be at right angles to HB, HD. , | „ (2050 
But HG muſt be in both planes AB, co. 1 F 
Therefore it muſt be in the common ſection of thoſe — 
Conſequentiy the ſection O of the planes AB, ep, is at right angles to 


| the plane EF, 


s 


h | 2 OE. w | ot 


| * 
©" uh 
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211. THEOREM XXXIX, . 
T be ſeftions aebd, of a Cone or Pyramid a '' | 
woch areparallel to the baſe AEB D, are ſimilar to that 


| Dem. For let Ar nc, Dre, be ſections through the A 
vertex c, and center F of the baſe. 


Then theſe ſections will cut one another in the 
right line Fc (209), and the tranſverſe ſection abde, 
in the right lines ab. and ed, interſecting in 7. 
M ben are the following ſets of triangles ſimilar; 
namely, Arc, 4e; BFC, e; bre, dfc; EFc, 


. 8 : - ' 

| Wherefore Fc : fe: : Fa: fa . „„ D 
2 r % (And the like in any other ſections 
24 0 :: FD: % through o and x. (165) 


Now in the Cone, FA=FR=FD=EFE ; therefore fa=fb=fd=fe. (152) 
So that all the right lines drawn from / to the circumference of the figure 
ů•„ͤ„f “UU vo Ter nn 
_ Conſequently the figure adbe is a circle. | gh (9) 

And in the amid 


% / TAK... 
PS | VVV 

Therefore in each pair of correſponding triangles in the baſe and tranſverſe 

© , ſeftion, the ſides are reſpectively proportional. 

Conſequently, as the baſe and trapſverſe ſection are compoſed of like ſets 

ol ſimilar triangles ; therefore they are alſo ſimilar.  - 1183) 


i 


— 


Fa une ABLCK, the baſe of which is a circle 
- _, CBLCK, be cut by a plane in a ſubcontrary poſition 
to the baſe, the ſection Dix will be a circle, | n Wd 
Du. Through the vertex A, and center of the baſe, let the triangular f 
ſection ABC be taken, ſo as to be at right angles to the planes of the baſe 
wr - .BKCL; of the ſubcontrary ſection DIEH, and of the ſection FIGH, taken 
______» parallel to the baſe, and cutting the ſubcontrary ſection in the line 108. 
Therefore 10H is perpendicular to DE and FG (210) cutting one another 


© Now the ſection rin is a circle (27 I). Therefore yo x 06 =o1*. (171) 
Again the triangles GE, FoD, are ſimilar. © ©. + © © 
For £6E0= ZDF0= ABC by conſtr. And Z G60E= Z Dos. (093) 

Thereſore xo: O:: Fo: Do (167.) And Eo X do=Fo x 06 (162) =01*. 
So that 01 is a mean proportional, either between Fo and 0G, or Do and 
EO. But as the ſame would happen wherever FG cuts pE; therefore all 
dhe lines oz, both in the ſections FiGH and pits, are lines in a circle. 
Conlequently the ſection DIEH is a circle, + EN NF 


; x d * * a j 
5 - 4 
* — e yo x n F * — | 4 5 * ; — 2 I LY If © 
: * | - SIS | ; 
4 . " — 2 * % * 
b * 1 8 - 
= — I 
* * 3 K . 


PF 
- 


= ock tt. | GEOMETRY. e 35 


ALE 


213. If the ſeQion cut both ſides of the cone not in a ſubcontrary po- 
ſition to Bc, the diameter of the baſe, then the ſection (ſuppoſe it fill) 
- DIEH, is called an ELLIPTIC SECTION, which, though not a circle, will 


be a bounded curve, longer one Way than the other; and, like a circle, 
return into itſelf. | 


m_ 


112 be curve DIEH is called an n Ellipſs, 4 | 5 


— 


416. The line 3 DE, the I nk D1awgrER or Axrs. 


Th * line oH or oy is called an a OnDINATE, 


> 


215. The ordinate through the middle of Dx, is called the Con JU- 
| GATE Axis. 


— 
— * 


"The interſection of the Tranſverſe hd | Conjugns Axis, is called the | 


Crurza of the e 


5 th 216. I a cular arc be deſcribed, with a | radius equal to balf the 


Tranſverſe Axis, from one end of the Conjugate Axis, its interſections 


with the Tranſverſe n are called F 99 15 one on each ſide of the n ; 


of the Elliphs. 


217. Every right lins celfing through the center. of the Ellipſis, and 


- terminated at each end by the curve, is called a DIAMETER, 


218. The N that lk a a 3 arc of the ſame curva- 
ture with the ea at any point of 1 * is e the 8 oF Cunva- 8 


e e 


a oy W to any MOT OY in 0 Ellipſis, is a arigh line perpendicular 
to the radius of curvature at that point. 


210. T'wo Dijameters 8 fo drawn, that © one is d to a REIT, 
_ and the other paſſes through the point of contact; thoſe two Diameters 


are ſaid to be ConjJucaTEe DIAMETERS ; and have certain relations to + 
their Ordinates, ee Radii of ee and boy lines belonging | 


to the Ellipſis. 


220. A third proportional to roy | two Conjugate Diameter, is called 


the PARA Eee 
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"called. a ſpiral. 


| poke of a wheel, while the wheel is turning round. 


the radius; then the ſpiral will have revolved but once round the center, 


volves twice, thrice, or in any proportion to the motion in the radius; 


| center. ſe 


trie prog reſſion; then will a Jpi ral 0 e WICH is an d a 12728855 
ira | 


45096 3,27 83 2,02144, &c. Alſo let the cir- 
parts, in the points a, , f, g, Cc. Then if the ſeveral 


from the center c, cutting the other radii in the 


| ou parts, into which he 5 is 1 increaſes. 
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5 EC TION CY 2 
of the Spiral. 


221. Suppoſe the radius of. « a cirde to revalue with an ates motion 
round its center, and while it is fo revolving, let a point move along the ra- 


dius; then will the * Mates abs = FOO. bein a Cures which is 


* 


This will be readily Gag by imagining a fy t to. move e along d the 
If while the radius revolves once, the poine has moved the length of 


or pole; conſequently the motion in the circumference is to the motion 
in the radius, as the circumference is to the radius: And if the wheel re- 


then the ſpiral will ks. ſo wy ih, or 5 * a turn, * the 


* 


- 


circumference moves towards the center, with a motion decrea ing in a geomes 


222. Ms ſuppoſe, whil the radius "apes equably, a I Naw "> 


V5 


Let the radius ca be divided! in any ad * 2 


ere ing 7 eometric progreſſion (90), 3 as of I0to8; 
then the ſeries of terms will be 10; 83 6,43 55712 "Ir 


cumference be divided into any number of equal 


divifions of the radius CA be ſucceſſively transferred 


points D, E, Ig G, Sc. and a curved line be evenly 
drawn through thoſe Points, i will be a I” 190 the kind 4 propoſed. 2 


223. From the natyre of a decreaſing 8 i e it is eaſy 
to conceive that: the radius CA may be continually divided; and although 
each ſucceſſive diviſion becomes ſhorter than the next preceding one, yet 
if ever ſo great a number of diviſions, ar Is by 8 eve will ll 


remain a finite magnitude. . 5 


224. Hence it follows, that this ſpiral winds continually AM _ 
center, and daes not fall into it till after an infinite number of revo- 


Jutions, 
Alſo, that the monly of revolutions decreaſe, 28 the number of the 
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22 THEOREM. XII. 
$3 Any proportzonal ' ſpiral cuts the intercepted radi at — 
,, ey 5 1 | 
© Dann II the diviſions'"ad; ds, of fe, Be, of the 
_  * circumference were very ſmall, then would the ſe- 
Veral radii, b g clofe to one another, that the in- 
12 * &' x # \ \ «> >, | 

' tercepted zparts|/AD, DB5.EF, FG, &c. of the ſpiral, 


* 


might be takenſas right lines. U 
And the triangles CAD, DE, CET, &c, would be ſimilar, having 


Igte equal 
angles at the point c, and the ſides about thoſe angles proportional. (168) 


15 — 4 = * . . 1 8 3 0 . 1 
en angle3/at 4, a F+ (Fe: being equal, the ſpiral mutt ne- 
ness. 
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 dfitbe radii, of any proportional ſpiral be taken is nunibers, then will thy 

correſponding arcs of the circle, reckoned from their commencement, be as the 

| logarithms of thoſe numbers. F nn 
( IRS FCA TIRES | 


Dx. As che lines CA, CD, CE, CF, CG, Ge. are a ſeries of terms in 

geometrie progreſſion ; and the arcs Ad, Ac, Af, Ag, &C. are a ſeries of 

* , terms in arithmetic progreſſion 3. therefore theſe arcs may ſerve (I. 66) 
as the indices. to the, geometric terms, and be thus placed 1 i an 
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Nadi of the ſpiral ca, ep, ek, CF, CG, &c. Geometric terms. 
"Correſponding arcs o, Ad, Ae, Af, Ag, Cc. Arithm. terms, or indices, 
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In this diſpoſition, the firſt term oA is not diſtant from itſelf, therefore 
its index is repreſented by o. | F 
Then if the diſtance of the ſecond term op from the firſt term ca be ex- 
preſſeg by ide arc ad; the diſtance of the third term Cx, from ca, will 
de expreſſed by the arc Ae; and ſo of the reſt, „ 
_ Eonſequently,. if the terms in the geometric ſeries be repreſented by 
numbers, taken as parts of the radius, then the numbers of the ſame 


_ kind, expreſſing the meaſures of the arcs, or indices, will be as the loga- 
-: 4 e 


thms of the geometric terms. (0:73) 
227. Conor. If the difference between ca and cs was indefinitely 
ſmall, or c and c were nearly in a ratio of equality; then might the 
number of proportional lines into whieh CA could be divided, be ſo many, 
that any propoſed number might be found among the terms of this ſeries; 
and if the number of parts in the circumference was increaſed in like man- 
ner, then would every term of the proportional diviſion of the radius A 
have its correſponding index among the equal diviſions of the circumfe= 
Tence 3 and conſequently would exhibit the logarithms of all numbers. 
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: pp! For with the fame 9 dvilone ad, 1 5 We, of the ei 
ference, every variation ini the ratio of CA'to Ev, as of ca td Ch, "will 
produce a different ſpiral, annum. N 85 
And with the ſame diviſians of the radius ca, and different ſets of equal 
parts, Ad, de, gf, &c. and Ap, Pq, ar, tot: of the Eircurpference, may * 
formed different ſpirals ADEF, ABIK. 
Alfo, varying at the ſame time. both the diviſions We radius and Cir- 
 cumference, different ſpira ls will be produced. g 
But the variations in theſe three caſes may be almoſt münite: There- 
fore the number of ſuch ſpirals are almoſt infinite. 
Now it is evident, that there is a peculiar relation between the rays of 


any ſpiral, and the correſponding arcs of the' circle; that is, between the l 

terms of a geometric progreſſion, and its indices: Therefote there mo be : R 

as mw kinds of ane as there are £192 6600 nc 25 2 
* „„ TE 0K0y;- 6s A 
* bh 6 Jan = Ab) b | 

WE ſpiral 1 inter 22 equidi bent Tags, af an an 1 4 5 i 

11 apart Hogurrithins that are 7 Nepier's Hind, TE ne 70 a 


Puna. Suppoſe AB, the ditfe toi between CA "Ma" CB, "he fiſt Ry ſo- 
| cond terms of the geometric affe non, to be indefinitely ſmall, and 
take Ap, the logarithm of cs, equal to ap; then may the figure ABH»Gð be 
' taken as a ſquare, whoſe diagonal A would be part of the ſpiral AHR, 
and the angle 38 AH would be half a right one, or 45 degrees. 
Therefore that ſpiral which cuts its rays CA, CH, Oc. at angles of 45 
degrees, has a kind of logarithms: belonging to it, ſo related to their cor- 
_ reſponding numbers; that the ſmalleſt variation between the firſt and [own 
numbers is equal to the logarithm of the ſecond number.. 
But of this kind were the firſt logarithms made by Lord Nepier, 
Therefore the logarithms to the ſpiral which cuts its EY nt Sus " 
* * of 4 5 args are of the os bad wy 
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Definitions and Principles. 


1. DLANETRIGONOMETRWiis an art which ſhews how 
to find the meaſures of the ſides and angles of plane Triangles, 
ſome of them being already known. 755 185 3 
It will be proper for the learner, before he reads the following Articles 
to turn to the definitions relative to a circle and angle, contained in the 
Articles 8, 9, 10, II, 12, 13, 14, 15, 16, 17, 18, 19, and 36, of St 
JJ 
6 Y: A Triangle conſiſts of ſix parts; namely, three ſides and three 
- The ſides of plane triangles are denoted, or eſtimated by meaſures of EW 
length; ſuch as Feet, Yards, Fathoms, Furlongs, Miles, Leagues, &c. 
The angles of triangles are eſtimated by circular meaſures, that is, by 
arcs containing Degrees, Minutes, Seconds, &c. (II. 15); and for con- 
venience theſe circular meaſures are repreſented by right lines, called 
right fines, tangents, ſecants, and verſed ſines. 3 
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rRISGONO META x. Book, 


3. The "RW Sen & an arc, is a right line drawn FRE” one of 
| the arc, perpendicular to a radius gran to the other end: Or it is half the | 
chord of the ky of that arc. „ . 


Thus AH is the right fine e of the arc 05 and 
allo of the arc DBA. . | 


2 * 


1 The Taxczur of In arc, is a 3 TH. 
touching one end of the arc; and continued till it D 
meets aright line drawn from the center through the 
other end of that are. - 

Thus or is the of the arc 04. | 


5. The Scart of an arc, is a right line drawn through the. center and 
one end of the are, and N till it meets ** tangent « aun from the 
other end. | 
Thus CF is the ſecant of the arc A0. 


- 
PEE 


6. The VERSED SINE of an arc, is that part of the radius intercepted 
between the arc and its right ſine. | | | 
— Thus HG is the verſed ſine of the arc AG. 


4 
* 


5 


. The ComPLeneNT of an ae, is what that are wants of CI 
degrees. | | 


Thus if the arc FEY Then AB is called the complement of AG ; 5 
and AG is the complement e of An. © 255 


5 . 


3. The SueeLEMENT of an arc, is "what: that arc wants . 180 
degrees. 


Thus the arc ABD is the lupplement of AG'; ad AG of ABD. - > 
9. The Co-omim of a are, is the right ſine a the complement of chat 
os of Mo. 44 . 2 


« - The Co-raxcar wy an 1 arc, is the tangent of that arc 's complement, 
"The. Co-sxcanm of an arc, i is 0 ſecant of its complement. | 
7 he Co-vexenp Sug of ancare; is the verſed. ne of its complement. 


Thus Fe An, cx, Br, being reſpectively the ſine, tangent, ſecant, 1 
ä * fine of the arc AB, which is the complement of as ; therefore 41 
s called the co-fine, BE the 3 CE the co · ſecant, m the conyerſed 
| fine, of the arc Aas. . "ih 
The right lines; called f "ERR „ ſecants, and verſed Gnas are 
uſed as well for the meaſures of angles, as for the arcs which meaſure 
tteſe angles: And it is as common to 8 8 the Ro tangent, &c. of an angle, | 
as the line, tangent, Sc. of an arc. 11 tl ü 


- "ov 2 4 _ ** Fey © | Y ' 2 fl 10. The 
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m TRIGONOMETRY. or 
| 10. The greateſt right "IF is the ſine of 90; and the fines to ares 


Jeſs than go, ſerve equally for arcs as much greater than 0. 
Thus t fines of 80® and 100%; of 60% and 120%; of 40% and 140, Sc. 


| 5 are e 1 


11. The fame cent and Grant will have to arcs equally diſtant from 
degrees; that is, to any arc and its ſupplement. 

Thus if the arc BaG=90?, and BK BA; then the arcs , Ga, Dx, 
are equal; and the arcs GAK and GN, or DK, are ſupplements to one an- 
other: Then the ſine KM, the tangent GL, the ſecant CL, of the arc GBR, 
are reſpectively equal to the line Ath the tangent or, the ſecant CF of the 

5 are GA. : 

CN, 7 When an arc is greater than 900, the _ tangent, 9 os the. 
PORE 1 is to be uſed.” VV 75 0 


. 13. The chord of an arc is equal to twice 4 co-line of half the FRY 
plemental arc. 

Thus Ax, the chord of the arc AGN,=2C1, the co-ſine of the arc As 
and AB is Ra of the arc ABK, the ſupplement of AGN. | 


+ 


14. The verſed ſine a co- ſine together, n en of any a arc AG, is 5 
* to the radius; ch being equal to Al. 


15. The ſines, tangents, ſecants, or verſed fines of + fimilar arcs in "0 
- ferent circles, are in me fame proportion to one another, as the radii of 
| thoſe circles. : EN „ 185) | 


16, e angles of t two  criafgles may j be relpeRvely equal, although 

their ſides may be unequal. 
Therefore in a triangle among the things given, in order to find the 

4 reſt, one of them muſt be a ſide. | 
In Trigonometry, the three things given in a triangle muſt be ther, 
iſt. Two ſides and an angle oppoſite to one of them, | 
2d. Two angles and a fide oppoſite to one of them. 

Za. Two ſides and the included | Ws 

4th, The three lides, ; | FEA 7 


”: e caſe, the kr 1 things may be found by the help « of a 7" 
"Theorems, and a Triangular Canon, which is a table where is orderly 
inſerted every degree and minute in a quadrant or arc of 9o degrees; and 

againk them, the meaſures of the lengths of their correſponding lines, tan 

bh gents, and ſecants, eſtimated in parts of the radius, which is uſually 

| ſuppoſed to be divided into a. PROOF of On 12 * as JO, 100, 12955 

1 dee SG. | | 
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of the Triangular” Canon. po 


5 PROPOSITION L N 


17. 75 find the Wap of the Chords, Sines, 7 e ond 2 to arcs 
8 a 2 55 of a given radius, | | 

_ ConsTRUCTION. Through each ondofthe 1 
given radius op, and at right angles to it (II. | l 
60) draw the lines cr, bd: On c, with the 
radius CD, deſeribe the quadrantal arc. , and 
draw the chord o. 

18. Fox THE Cho ps. Tuitedt the are aD 
(II. 61.), and (by trials) triſect each part; then 
the arc AD will be divided into q equal parts Ul 
of 10 degrees each; if theſe arcs are divided | 
each into 10 equal parts, the quadrant will be ol. 
divided into go degrees: But, in this ſmall 
figure, the diviſions to every 10 degrees ouly - 
are retained, as in (II. 83.) 

From m, as a center, with the radius to each 
_ diviſion, cut the right line pA; and it will 
. contain the chords of the feyeral arcs into 
Which the quadrantal arc Ap was divided. 
For the diſtances from D to the ſeveral di- 1 
viſions of the right line Da, are thus made re- = 
ſpectively equal to the diſtances or chords of 
1 ſeveral arcs reckoned from o. 

Fox THE SINEs. Through each of the 
chi ions of the arc Ap, draw right lines pa- 
. rallel to the radius Ac; theſe parallel lines will 
be the right fines, of their reſpective arcs, and | 
cp will be divided into a line of fines, which | - 
are to be numbered from c to p, for the right * 
ines; - and from D to c for the verſed fines. cf 1 
| For the diſtanee from © to the ſeveral diviſions of the right 5 eb, are 
| TeſpeQively equal to the ſines of the ſeveral arcs beginning from A. | 
20. Fox THE TANGENTs. A ruler on c, and the ſeveral diviſions of 


the arc Ap, will interſect the line DG ; and the diſtances from p to the 

N diviſions of po, will be the len ths of the ſeveral tangents. - 
21. Fox THE SECANTs,. From the center c, with radii to the divi- 

- Hs of the tangents D, cut the line cr; and the diſtances from c to the 

ſeveral diviſions of cr, will be the . of the ſecants to the ſeveral arcs. 


For theſe lengths are made reſpectively equal to the Forms reckoned 
blem e c to LE ata diviſions of the "angent va DG. NES 
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' Conſequently cp 
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22. 1f the figure was ſo large, that the quadrantal arc could contain 
every degree and minute of the quadrant, or $400 equal parts; then the 


chord, fine, tangent, and ſecant to each of them could be drawn. Now a- 


- ſcale of equal parts being conſtructed (II. 81), 1000 of which parts are 
equal to the radius cp; then the lengths of the ſeveral fines, tangents, and 
ſecants may be meaſured from that ſcale, and entered in a table called the 
_ triangular canon, or the table of ſines, tangents, and ſecants. 

But as theſe meaſures cannot be taken with ſufficient accuracy to ſerve 
for the computation to which ſuch tables are applicable; therefore the 
ſeveral lengths have been calculated for a radius divided into a much greater . 
HERBST of 92 parts 3 as is en in the Ong; articles. | 


05 


PROP. 1. 


* any 1 Fg her 4 of 60 degrees i is equal ; 0 the radius and the 5 ne 
of 30 degrees is equal to half the radius, 1550 5 "3 


Dem. Let the arc cs, or 4 can =b⁰ degrees; | Ly» 
and draw the chord cB. —_ 3 

- Now fince the radii Ac and A are equal; 111. . 

Therefore 4c=48B. 0 104) E 1 

And the 4c + L (180% (24 0X}: T1: x 40x 
120 0199. e 

Therefore 4 oF or 155 * = (half ne ES; Ie o5EN 
"= LA. %%% ot ef x 

_ Conſequently CBSABEZAC. . Rez 9 5 . 

From A, draw the radius AE perpeidicular | to en. 7 


Then à biſects the arc cs, and its chord. a 124 
And co ſine of * arc CE=half of 60*=) 300. . oy 
s equal to half the radius AB. 


24. 3 Twice the ca-ſine of 60 degrees ig aqua to the 3 8 5 


For 30% is the 8 of 6055 and twice the ons of 30. is equa 
$9. the * OP. | 


. — 4 
. OP * . 


: 8 75 
hams | N p 0 1 | . 
8 5 f | 5 R 0 . Ul. K * 
n * . 3 * + 4 J 

* 1 Fw * 

. * * * 1 A ** 5 , 4 
4 | | , 

\ = * * 


I find the fine of one minute 7 a 4 1 
It i is evident ( II. 187), that the leſs the arc is, the leſs is the difference 
| between the arc and its fine, or half chord; ſo that a very ſmall arc, ſuch 
that of one minute, may be reckoned to differ from its fine, by fo 
nal a quanti ity, that they may be efteemed as equal; and conſequently 
may be exprefled by the ſame number of ſuch equal parts of which the 
radius is ſuppoſed co contain FO, Oc. which is s readily found by the 
following proportion. ö 


As the circumference of the 8 in Wia 5 210 5 

To the eircumf. in equal parts of the 75575 (I. 155 1 Gab TH n 

do is the arg of one minute | | 

Jo the correſponding parts of the radius . e 1 
8 * via the fine of one minute, may be taken „52968882 wilt 5 | 
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AE, AF, AG, AH, Cc. their halves will 


c. 


: The bales bing in the Game ratio as the wholes, 


e of the mean by twice the co-ſme of the common * 


Book III. 


128% JE + 
* 


in a Erler of « ares in ar bindtic progreſſion, the Je if 0 one ie of them, 


aten as @ mean, and the ſum of the fines of any other tuo, taken as egui- 


22 extremes, are ever in a conſtant ratio of radius to twice 290 mY of 
common difference of thoſe arcs. NS 


Dau. For in a circumference, - the 
center of which is c, and diameter AB, - 
let there be taken a ſeries of arcs, AAB, 
Ap, ARE, ARF, ARG, ARH, Ofc. ; 
the common diiference of which 1 is 
the arc BD. 
Then drawing the chords AB, AD, 


be the fines of half the ares *ARB, an 


Alſo half t the arc BD, is the common different of half the arcs Ans, 
ARD, ARE, Oc. (II. x50) 
And the chord An is twice the co-ſine of half the ſupplemental arc 


1 (13) 


From the Piat D, E, r, G, Ge. with the radii DA, EA, FA, GA, Oc. 
cut AE, AF, AG, AH, &c. produced i in I, k, 1, M, Cc. draw ID, K, 


LF, MG, &c. and BD, DE, BF, FG, GH, Qc. 


Then by the firſt part of the demonſtration - (Il 189), the kilowing 
triangles are congruous, namely, 


| ABD, IED; ADE, KFE; AEF, Lor; AFG, Ne, Ge. 
Therefore IE AB; Kr AD; LG=AE; MHZ Ar, Oe. 


Alſo the triangles IDA, XEA, LFA, MGA, &c. being each of them 


 ifoſceles, and their . reſpectively equal, are ſimilar to Dca. (II. 167) 


Therefore CA: Ap: : (Ap: (AT ) 4 AR; : 
(AB: 1 Ab TA: 
"A (ALE) AE+AG:; 


Men; AT Ax. 
ABE: ADT Ax. 
) ZAF: AE 1 A. 


e | 
(I. 250) I 


©* „ 
* 5662 „„ 


hf 4 


| a7: Conſequently, . We, arcs in arithmetic progrefiion, vix. 


ZARB, FARD, FARE, Oc. the common difference of which. is half the 
_ arc BD, it will be, * 25 1305 
As (Ac) radius, | | 
To (An) twice the co-line of the common difference 3 ** 
So is the ſine of either arc taken as a mean, . 


To the ſum of the ſines of two equidiftant extremes. 
28. 9 The fine of he extreme, ſubtradied from the e the 
give f 


e fine 
(Il, 164) 
29. When 


NOONE en 


— * 


N 


dene TRI WOMEN N v. 33. 


PO OA the common difference of three arcs is 60 degrees; chow 

Fat 9.6 the co-fine of that difference is equal to the radius. (24) 

And with any ſuch three ways} as 305. 9% 1503 or 12 85, I45 3 40T 
2 roy: 146, &c. it will be (27). \ 


6 col. 5) * : 3, 905 : (8, 30%+5, 1 dd) 3 30% +2, 30%. 

: v 35 (s, 25% 8, 145% ) 8, 258, 35%. 
| (s, 209 +8, 140%=) s, 20% +8, 40% > = 
675 1955 155 F% 135; =} 0625" +3 49%} > 


* 


4% „ „ 


, #* * 


9 


Here the e firſt and fieond terms in the proportions bong” equal, the 
third and fourth terms are alſo equal. ; 
30. Hence, The fine of an arc greater than 60 degrees, is equal to the Hos 
K of an arc as much tes than 60 degrees, added to the fine of ite aifference from 
Go degrees. ' 

Therefore the ſines of arcs above 60 degrees are readily obtained from 
| thoſe under 60 degrees. 


. 
. Fd 
* ＋ 
” 
YT 


WEST Hao re: "Ve „ 


De right fine of an arc being known, 40 o find its co-ſine; and From theſe i 


"i find < tangent, decant,, N Vine; : ang alſo the een 4 9 | 
. and co-ver/ed ſme. SS 5 


Let a6 be any are, and let an be its fi ine, Al its 
eo ſine; or the tangent, BE the co-tangent; cF B 
_ "the ſecant, cx the CO-1FEant 5 3 HG the verſed ſine, pr _ 
the co-verſed fine. FT 
Nou if the fine an be given, We the co- Ene Al or 
= will be known (II. 113:) For A- AH cn“. | 
Therefore the ſquare root of the difference between the „5 
. of the radius and ſine, will be the cogſine. - 


A 


25 Then the verſed ſine 0 c- c; and co-verſed fine 1B CB=CL. 
3 As ſince the triangles CHA, cor, CBE, are ſimilar, | 
Therefore (II. 167) cn: a :-: c: Or, the tangent. 
1 That is, As the ſon to the ſine, ſo is radius to the tangent. 
And CH; K:: e: CF, the ſecant. 
4 That is, As the ; co-ſine to the radius, ſo is radius to the ſetant. 
2 And CI:CA:: CB: CE, the co- ſecant. 
| mg That 18, As the fine to the radius, fo is radius to the co-ſecant. 
"TAI St; A: : CB: BE, the co-tangent. | 
Ses is, 4s the fine 10 the 4 op is radius to the co-tangent. | 
Or GF: co:; : CB : BE; that is, As tangent : rad. : : rad.: co-tangent. 

1 Hence it is evident, that the tangent aud . of an arc of 45˙ 
are equal. to one another, and ta the radius, or fine of 90 degrees. 

And: as the ſquare of radius! is 7885 to the recang e of any tangent 
ail its co-tangent, | | 
Therefore tan. * cot.= tan. * tit, Therefore tan. tan. :: cot. 8 N 
Poe 9 5 41 11 1 16 $2 

Ot the tangents of different arcs are reciprocll y as their ; c-tangent, 3) 
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| ſhortened, > by ſetting under the right hand place 
(viz. 4.) 

uſed as a multiplier, and reverſin "g or placing in a contrary order, all its 
other figures: then the right-han 


1 TRIGONOMETRY.. | voc III 


© The principles : dy which the lengths of the ſines, tangents, ſe- 
carts, Sc. may be con „being nN the following es | 


3 o uſa ns cations 8 ee 


Reeg the co-fon ine af ofie minute. 


7 do 4 


The fine of 1 minute being | 25 ieee 335 
Its ſquare is : . 0,00000008461594 
Which ſubtracted from the ſquare of. radivg W 
1 „ Ky if 0,9999090 538406 
ͤͤĩ7˙„fff „9999999577 is the 


co- ſine of x minute; ; or the fine 89? 595 


Now having the ſine and co-fine of 1 minute, the other ſines my be ond 
in the following manner. 1 8 


ö twice the col. 1 min. hs of 1 FTI of the files of o/ & 27 5 5 
twice the coſ. 1 min. x fine of 2 m. ſum of the fines of 17 & . 


Ph twice the coſ. r min. x {ſine of 3 m.=ſum of the ſines of 2/ & 4. [4 
twice the coſ. 1 min. x fine of 4 m. =ſum of the ſines of 30 & 5% | 


twice the col.” 1 min, x fine of 5 m. um of the ſines of 14 & LO 


; 88 thus! in a \aprogreſive order from each like to its next, all the n 
5 ſines may be found. # 


But as twice the edges 1 minute, viz. Multi- 5 8 1 
10 154 is concerned in each operation, pliers. —4 8 
| 1:9999999 i heb be __ of the products — urs . 
this number by the nine digits, as here annexed, | 1 1 Mp 
the erer. of the lines may be performed 8 33 
dy addition only. e 59999997 462 | | 
For the products by the digits in the given ] 4 79999996616 
multiplier, being taken from the table, and | 5 | 9-9999995770 
written in their proper order, will Prevent the 6 11,9999994924 
trouble of multiplication, 7 Atl +. 7 | 13:9999994078 
And even this operation may be very much | 8 - 159999993232 
_9_ | 17:9999992386| 


the double co · ſine of one minute, the unit place of the ſine 


figure of each line ariſing by the multi- 
plication, is to be ſet under one another; and in theſe lines, the firſt figure 


to be ſet down, is what ariſes from the figure ſtanding over the preſent 
ace h one; obſerving to add what would be carried from the mes 


oOmitt 
Now. if the 1 of the figures. i in the . thus iovented, be 


| taken from the above table of products, it is neceſſary to remark what num- 
ber of places will ariſe from each digit uſed in the multiplier ; then in the 


produdts of thoſe digits in the table, take only the like number of places, 


obſerving to add 1 to the * ane, K tt * of the omitted 
64 or exceed 8. . 


. tas V 1e 


$i. * 


5 win r ON o ME T Rx. 


"Required the fine of two. minutes. 4 


ebe 3 * 1 e placed in an inverted order 1,99999991 54 
| under the double cof. of 1 min. as in the mar- 2888092000 / 
the right-hand figure 2 ſtands under the ꝙ in 


Log 


eee I, 


6th 26s ni place, therefore the firſt 6 'deci- | 4000000 
mal places of the p roduct againit 2 in the table, .- Ja 
are to be, ufed ; —＋ 1 being © de, becauſe the 7th 1 3 
— 9, "exceeds 5, makes the product 4.009000 2, 85 
Als for 9 the next figure in the multiplier, ſtand- 4 


under the 5th decimal place, take 17,9 
from the table of products, and 1 being 2% 09,0505 817764 
h place, becauſe the 6th exceeds 5, make 
it 8 In like manner the product by 8, | 
| adding r, is 16000, &c, and the ſum of chef products e 
is the ſine of 2 minutes, as required. 
This kind of operation will be very ales! conceived without farther 
illuſtration, by comparing the - in this and the W 1 
| with * has been already ſaid. | | 


Ne the ſine: mes 5 of 3 4 9, bt Ib huts; 


—_— — 
— 


W 


. 


u 3 min. "For 4 4 min. | For 5 min. For 6 min. 

* 9595054 1:99 909 54 | 1:9999999154| 19999999154] 
my 677185000,0 549 — 625 5 361 100, o eee 

— — — — — — 
flo 1 |. + 20000000] - 20000000 

1600000 15 1400000 2000000]. .  ,, 80:0000}| 

* 2000 40090 1200 0 ICOC OOO 

. 14000 e +RR000. | . 60000; 800.0, 

0 . 1409 1200 | 10000. 8000} 
en 5 1 1000 i - | Gon 
J 0) 40] 10 
ER þ 6x5 45 5268 dete %s 10 a 

,©,0002g08882. 0,0005817764-| 0,00087 26645 | 0,001163;526} 

2 1 — — — — —— — . 3 N 
726646 0005163 5526| 00014544497 | 00917453284} 


| 1 each example, the ſine of an arc which i is 2 minutes leſs than that 
required, (68) is ſubtracted. 

+: The fines being made, the tangents, ſecants; 82. are to be conſtructed 
Fr before ſhewa. e 


309. There are many tral by which the 3 canon may be 
maden bana which is here delivered was choſen as the moſt eaſy, the 
beſt adapted to this work; and what would give the. learner, a ſufficient 
notion bow theſe numbers are to be found: For at this time there is no 
occalion to conſtruct new tables of fines, and rarely to examine thoſe al- 
| ready extant; they having paſſed through the hands ofa gre it many care- 
ful examiners, and for a long time have been received by the learned as a 


work ſufficiently correct. | 
1 H Theſe 
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is found as follows: 
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93. -TR1IGONOMETRY: Book HI. 


| Theſe lines were firſt introduced into mathematical computations by 
Hipparchus and Menelaus, whoſe methods of performance were contracted 
by Ptolemy, and afterwards perfected by Regiomontanus ; and ſince his 


time, Rheticus, Oey CN and many other eminefſt men, have 


treated largely on this ſubject, and greatly exemplified the uſe of this 
triangular Canon, or Tables; Which are now, by way of diſtinction, 
called Tables of natural ſines, tangents, c. But the greateſt improve- 
ment ever made in this kind of mathematical learning, was by the Lord 
Nepier, Baron of Merch iſton in Scotland; who, being very fond of ſuch 
ſtudies, where calculations by the ſines, tangents, &c.did frequently occur, 
Judged it would be of vaſt advantage if theſe long multiplications and di- 
viſions could be avoided; and this he effected by his happy invention of 
computing by certain numbers, conſidered as the indices of others (I. 63), 


1 . 


which he called Logarithms ; this was about the year 1614, © 
Ihe tables now chiefly uſed in Frigonometrical computations; are the 


logarithms of thoſe numbers which expreſs the lengths of the fines, tan- 
gents, Sc. and therefore to diſtinguiſh them from the natural ones, they 


are called Logarithmic ſines, tangents, &c. (or by ſome artificial fines, 


Sc.) Only thoſe of the logarithmic ſines and tangents are annexed to 
this treatiſe, becauſe the buſineſs of Navigation may be performed by 
them; neither are theſe tables carried to more than five places beſide the 
index, that being ſufficiently exact for all nautical purpoſes.: But it muſt 
be allowed that, for general uſe, ſuch tables are the moſt elteemed as con- 
0000000000000 


k F 4 4 4 1. W; 24 e : I 


< 


* 
rr 81 


40. Theſe tables are at the end of Book IX. and are ſo diſpoſed, that 


| each opening of the book contains eight degrees ; four of which are num- 


bered at the-top, and: four at the bottom of the page 5 and thoſe at the 
top proceed from left to right, or forward, from o- degrees to 45; and 
thoſe at the bottom, from right to left, or backward, from 45 to 90 de- 
grees; To each degree there are four columns, titled fines, eo- ſines, tan- 
gents, co-tangents; and the minutes are in the marginal column of each 
page, ſigned with M; thoſe on the left ſide. of the page belong to the de- 
grees which are at the top, and thoſe on the right-hand fide, to the degrees 
which-are at the bottqm of cherpag ge „ 


N 


1 * G ; > 
> e 5 


41. A ſine, tangent, co-ſine, co-tangent, 


e . i T3 
to a given number of degrees, 


1 
"x 
1 
* 
* 
4 . 


For an are leſs than 45 degrees, * . e 3 402 1 
Seek the degree at the top, and the minutes In the column" ſigned ai at 
the top; againſt which, in the column ſigned at the top with the propoſed 
name, ſtands the fine, or tangent, &c. required. N 
But ven the are is greater than 45 degrees s „ 


* 1 


Seek the degrees at the bottom, the minutes in the column with da at 
the bottom, and the propoſed name at the bottom. ies 08 gergqeÞs ties 
a 6557 REASON . L597 2 dne 72 Ai 791 00 204“ v7 


p 4 * C "44 „ 
5 e r * . 4 5 141 ein G 'F. 
FFC 
\ £ * i * 7 4 7 
41 * 


- 
*. * 27 - 1 : *. 4 7 : ** + 
: . 4 : 
eat dC Þ 4 of a - * 4 =" - 4 ; 4 * R. 11 e * 
— , q * he 6 * UE 
4 _ 5 
* . bad * 4 I 2 


1 + 4 a 
AY 1 1 : l 94 1 1 9 * 
' N * C p L. | * we” . 4 . . L 

132 F * 
N . - * * 5 1 ” 

RG « 4% #. . anne r „ 

* p 8 
XAMPLE 
- | ws % y x . 


— * a6 re es i * 5 F p , CY . 
7. > \ 
1 5 G ; 
. 
* - 


| Beck. T-RIGONOMETRY. 5 
Fx I. "Required the logarithmic fine of 280 37. 


. f Find 28 deg. at the top of the page; and in the fide column, marked with 
u at the top, find 37; againſt which, in the column ſigned at the top with 
tze word fine, ſtands , 68029, the log. ſine of 28? 3 as required. 


= * EXAMPLE II. Required the logarithmic tangent of 67 4.5. 
Feind 67 deg. at the bottom of the page ; and in the fide column, titled 
M at the bottom, find 45 ; then againſt this, in the column marked tangent 
at the bottom, ſtands 10,38816, which is the log. tangent required. | 
442. But when a 8 ſine or tangent is propoſed, to find the de- 
grees and minutes belonging to it, ten, 1 
Seek in the table, among the proper columns, for the neareſt logacithm 
to the given one; and the correſponding degrees and minutes will be 
found; obſerving to reckon them from the top or bottom, according as 
- the column is titled, where the neareſt logarithm to the given one is found. 
43. It may ſometimes happen that a log. ſine or log. tang. may be 
Wanted to degrees, minutes, and parts of minutes; which may be thus 
Take the difference between the logs. of the degrees and minutes next 
leſs, and thoſe next greater than the given number. | 
Then for 2 take a quarter of this difference; for 3, take a third; for 
25 take a half; for g take two thirds; for à, take three quarters, &c. 
Add the parts taken of this difference to the right hand fizures of the 
1 belonging to the deg. and min. next leſs, and the ſum will be the 
bog. to the deg. min. and parts propoſe. . 


"oo 


 ExamyLE I. Required the log. EXAMPLE II. Required the lag. 

tang. to 60* 50'F. 1 une 10 32 1“ f. 9 

"Log, tang. 60% 5% ij 10,8535 Log. fine 32% 16“ % 9.72743 
Log. tang. 60 56 is 10,25 50 Log. ſine 32 15 is 9.72723 

The dif.js 250 The diff. is 0 

5 Its half . 7 14 ts three fourths . | is 
4 Add it to tang. 60 56 10, 25 506 Add it to fine 32 15“ 9723 

6 ; Gives tang. | a 60 567 10,25 5200 Gives fine 32 154 | - 9472738 


In moſt caſes the work may be done by inſpeRion. 

= And if a given log. ſine or log. tangent falls between thoſe in the 

tables: chen the degrees and minutes anſwering may be reckoned 4, or 2, 
or 2, &c, minutes more than thoſe belonging to the neareit leſs log. in 
the tables, according as its difference from the given one is 4, or 4, or 2, 

Dec. of the difference between the logarithm next greater and next leſs than 

_ * the given log, 


— 


H 2 5 SECTION 


* 
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2 7 EG TIoN m. 
0 7 the Solution of Plain Monger. 


oF 6 „ PROBLEM I. 855 \ 
In an * 1 Ac, if among the things given ther be a fide 
and its 1 lt angle, to find the reſt, a 2 5 | 
Then lay, — a given file, 5 
To the fine of its oppg ofite rn 
So ts another given ſide, 
fil fog OF To the fine of its oppoſite angle. 
- Tecs 0 to 90 an angle, begin with a ſide oppoſite t to a known 
angle. 
Ale As the fine of a given s 
2 its oppoſite fue ; 
So is the ſine of another given e 
Do its oppoſite e. : 
Therefore, to 12 a fide, begin with an angle e to a be ſide. 
Dem. Take BD=cr=radius of the tables. 
Draw DE, AH, Fo, each perpendicular to 25 / 
5 
Then DE and FG are the ſines of the 1:90 
and (3) 
Now the triangles DF, BAB, are ſimilar, and 
ſo are the triangles CFG, AH. 
Therefore BD: DE:: BA: AH, [II. 167) | 
And (cr=) BD:FG:: CA: AB. (I. 267). _ 
But (pd x AH ) DE XBAZSFGXCA. © ar. "M 
Therefore ox: CA:: FG: BA. Or, s, AB: Ac: : 8, 4 BA. (I. 163) 
© $cnor. Or, bycircumſcribing the triangle with a circle, it will readily 
appear, that the alf of each fide. is the ſign of its AER W And 
halves have the ſame proportion as the wholes. 


p PROBLEM n. = 
12 a kght-an Jed Jane tri le, ARC, if the two ſides : 
ight an Ie B e 2 find the reſt. contin 
Tess one of the &nown ſides, ” 
Tobe radius of the toll (or tangent Ff. i. : 

So is the other known fide, Bc). 
To the tangent of i its oppoſite angle. 


2 Take ap=radius of the tables. 

hen DE, perpendicular to AD, is the tangent of | 
the angle A» 

And the triangles ADE, ABE, are fimilar, TI, 

3 An: an; zan , (u. n 


4 


© 


EY ERIGONOMETRY. doi 


NE any two quantities, their half difference added to their 1 If fun, gives 
enter. 
"The half di . ſubtrafted from the half ſium, gives the . 
And i 10055 the 2 um be taken from the greater, the remainder will be the 
half difference AY; thoſe quantities. 
Dix, Let an be the greater, and nc the leſs, of two: quantities, 
Take AD=BC; then BD is their difference. 
Biſect os in E; then DBS YER, is the half diff. 
And AD+DE=RC+BE (II. 47); therefore AE is the half PR . 


Now AE T EB AB, is the greater. 93 
And AE—ED=(ADSZ)BC, is the leſs, 1 

Allo n, Is the half diff. TO et 9 ka 
| 48. . Ie PROBLEM IV. 


In any das eriangle, ABC; if the three things known, be two ſides, NY 
| AC, CB, and their contained angle c, to find the reſt, 5 


Find the ſum and difference of the given ſides. 
Tate half the given angle from 90 hag. and there remains is half the Ju 
of the unknown angles. Then ſay, 


As the ſum of the given ſides, 95 5 435 Ac en 

To the difference of thoſe ſides; | ec 

So is the tangent of half the ſum of the eulen angle, t. r 

"To the tangent of half the difference of thoſe angles, t. BA 

Aud the half * of the angles to the half fum, and it will eiue the 

ve angle B. 

Subtratt the balf d 2 Wen, 7 "th angles fo the haif ſum, and ir will give 
fer angle=A. : 


Dru. On c, with the 1 CB, deſcribe : a ans > 
"ub AC, produced, in E and p; draw BB, and „ 
8 1 draw DF parallel to EB. 3 

| Then er CB, is the ſum of the ſides, 
And ap A=, is the difference of the ſides. - 
Now Z4.coB= Leo). (E194) 
_  And(coB+cBp=)2epB= 4CBA+Z.A. (II. 98 eren 
TPhherefore CAT £A=4CDBz is half the ſum of the en angles, 


And 8 (II. 123) is the tangent of cps, to the radius 'DB, _ (4) 
Alſo (CBA—CBD=) DD HLA EA. i 447 
| Therefore 4 e LAS DA, is half the difference of che unknown 

_ © angles. +) | | 
And dF is the tangent of DBA, to the radius vu. $4 (4) 

ll No the triangles A, . are ſimilar, . DF being parallel to EB, 

Therefore AB : A5 : BE e 167) 

Ot ac 4 en: An; ; . 1c nt. cs . 


. 4% PRO- 


103 T R 1 G ON 0 M E T. R v. Book III. 
40. | PROBLEM V. = 


am 


: In a plane triangle, ABC, i the three "ſides are known; and the angles 
- er mee | \ | | 
i 5 ail a By ſuppoſe a Bas BD 1 W to its 
| —_ fide, or baſe, dividing it into two ſegments, AD, CD, and the given 
zriangle into two right-angled triangles. uns. enn: ; Then ue | 


Ar the boſe, ar fum of the fgment, eee 


fs to the ſum of the other two fides ; CG Ib BC 
So is the difference of thoſe fides, e eee, eee 
To the di Herence of the ſe egments 7 the FI LS ADC 
Aud hat If the di ference of the fern to . the 45 gives FA greater Jer 


8 abtraft half the di ference of the / ere, efron ba fu the aſs th there remains 
| * Mea. be.” 2 5 (#7) 


% 


Then, i in each of the rrigngles ADB, CDB, as wil be brown b 
ans a right angle 2 ite to one nY them; 5 bk” the wg will be 25 3 : 


When two of the given Giles are equal; then a Ke Hole from! Us in- 


cluded angle, perpendicular to the other ſide, Meet, the ide. (II. 10 3) 


And the angles being Ra] in one * the « right-angled triengls, will aſe | 
give the angles of the other. 


-+ 


- 


Ke Et 3 
" . — 2. 


wh 


DEM. of the foregoing proportion, 

In the triangle ABc, the line BD, perpendicular to 
AC, divides AC into the ſegments AD, Bc. 

On x with the radius Bc, deſcribe a circle cx, 
cutting AB, continued, in G, E; * Ac in F3 — — — 
draw BF, - 5 WR e ax ee 1 


TY 

* 
F 
C 


Then po- RS 4 895 Pe 103) 
Now ac (= ap+Dpc) is the fo of the . 

And Ar (App) is the difference of the 5 25 0 
Alſo AE 5 is the ſum of the other ſides. 
And 40 (A -c) is the difference of thoſe le. | 


5: bo. 


But ac x Ar AEN eu 52 
FM VVT (I. 163) 
Or ac: Ane: „enen or a-or. 

„ 9. PRO- 


| Put E and, For the fi pdes Jackets the angle ſought. 


59. +> PROBLEM vl. 


In any * 0 triangle, Age, the three ſides being known, to find either 
| of the an les. N 


— 


— 


8 for the fide oppoſite to that angle. YO we! 

D for the a fg between the ſides E and F. 

Find half the ſum of d and p | 

wy. And h f 5 difference cf G and b. i 

5 Then write theſe four Pa ms under one another, namely, | . 
The Arithmetical complement of the logarithm. 17 * e 
"The Arithmetical complement of the logarithm of | 


£ 2M De logarithm of the aforeſaid half ſum of G a 


+ The logarithm of the aforeſaid half di ference of 5 Ad Do”, 
Ad them together, take half their ſum ; which ſeek among the bg. fi Fes. 
- And the degrees and minutes anſwering, lein doubled, will ge the wy 


e tbe angle ſought, 


„ Take ah = as, draw . and 


D Ex. In the triangle, ABC, | let A be B 1 
the angle fought, - AN IRE 8 SF: . 


through x, the middle of BH, draw 
Ar, which biſects the ige A, and 
is perpendicular to BH, (II. 103) 
Through k draw KL, k Q, paral- 
lel, to Bc, Ac; which will biſe& | Ny Vs 
HC; BC, in L and I; then KL=1c, rxi=tc, 3 u. 28, 1630 


And the difference between Ac and AB is HC=D;, then KI=ZD. - 


* 


From 1, with the radius 1x, deſeribe a circle cutting AP, BH, KQ, Bc, 
in p, o, Q, M, x, and join cQ; now IQZIK=LCZLH ; therefore 
KQZHC, and d K R, as the triangles c, KHL, are congruous. (II. gg) 
Therefore cq parallel to xn (II. 28.) being produced, will meet AP at 
right angles (II. 53), in the point p, by the reverſe of (II. 130). 
Then PQ=K0o, as the triangles = are congruous, ( (IT. 95,100) 


Nw BM=(BI+IM=zZBc+Ziuc=) iG4D: And BN 285. e 


Alſo no ger: For BK = (KH) c and KO=P 

Let ar=radius of the tables; then r= (parallel donn line of 444. 0 9 
Then the triangles Anr, AKB, APC, are ſimilar. 

And ar: rn: AB: BK; allo Ar: n:: AC: (g) BO. (If, 167) 
Therefore Ar: rn ACXAB: (BK xB0=) BM X BN. (Il, 11 172) 
Ox (. rad. =K* : ſq. fine Z. A:: Ac & AB n 


* 9 5 
- Therefore the ſquare of the fine £4. 4= > 2 1 7% d. 164) 
| Therefore the fine r =; 8 Ma 1130 


N Ry the radius of the 4 3 * 
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N "= DM 8 wh 9 NOME T * T. Book HI. 


; the Laters A, By e, at the angles. | 


Thus, mark a given fide with a ſcratch acroſs it; | 
and a given angle by a little crooked line; as in the 


| per marks, 


3 
— OB EB PI —‚§˖—ͤͤ m ˙¹wmA —AÄ OS 
7 5 * T 2 


3 —— — — * 
— — ͤ——ů x — — — 
TY * 1 


Rinn As 93 "ROOTS: e ee 
; 2 K 75 453 . 
| 2 21 Le TDD, FoETy 7 © 


Wher * ſtands for logarithm, and bs for Ante. comp; of the be. 


Fi. Every poſſible caſe in plane Trigo onometry ky 24 xo cadil ved b 
the preceding Problems, obſerving the lowing FIPS, - 4 * * * 


I. Make a rough draught of the trigngle, and pate. 


IT. Let ſuch parts of this triangle de e 3 
repreſent the things which are given in the queſtion. | 


figure; where the hide AB, and the oe A YE: & 
are marked as given. | 


* 


III. If two angles are Pen, the third 3 is always Kiwi NIN 
For if one angle is go degrees, the other ven angle (which (al. 5 


will be acute) taken from go degrees, leaves the third 


And if both the given angles are I 5 Weir dunn Een from 188 
degrees, gives the other angle. : Hb (II. 96}. 


IV. Cotopare the given things together, and determine to which 


: Problem the queſtion propoſed belongs. 


V. Then according as the Problem directs, 1 the preparatory 


- work; and write down, under one another, in four lines, (or more if ne- 


2 the literal fating; expreſſing each angle by a letter, or by three 
each line by two new and — . or Z ana Wn Tr by Pons 


* 


VI. Againſt ſuch terms a as are berg write beit . ga _ 


given in the queſtion, or as found in the preparatory work; and againſt, 


theſe numbers write their logarithms ; thoſe for the lines being found. (by 


I. 81) in the table of the logarithms of numbers; and thoſe for the angles, 
found (by 41) in the table of logarithmic firies: and tangents : Obſerv= 
.ing that an Arithmetical complement (ſee I. 88) is always uſed in the 


firſt term: And that when an * is 5 than go en, its ny 
ment is uſed. | 


VII. Add theſe logarithms together ad ZE the By a. 1101 in . 
log. numbers, when a line is wanted; or (42) in the log. ſines or tan». 
gents, when an angle is wanted. Then the number or de 5 anſwerin 


to that logarithm Wich! is * neareſt to the ſaid 8 will be the thing 
RO R 2 


FLY 


"wel m3 * K 16 O N ο N E ＋ R r. 0 
TT ASYNOPSLS. i 
52. 5 00. the Ruler i in Plone Trigonometry. 3 *. 5 | 
ses. Given | Required. „ 
8 ] . 70 = — 
3 an hs Either gince two e are . the third is known, | 
+ angles and] of the And, As fin. of Copp. to fide given, is to that opp. fide ;F} 
bone ſide. other ſides 80 ſin. of another angle, to its opp. fide. | 
1 4 
I. Two fides The le As one given ade i is to the ſine of4 its opp. angle; 
fee and an E. oppoſ. to do is the other given fide, to the fide of its opp. angle, 
aft. | oppoſ. to the other Then two angles ek known, the third is enown. 
| 45 | one 15 given ſide. And the 5 hide is found as before, 
15 | Two. fides| Either i one of the, given . is to the 8 „ 
and the of the [So is the other 3 ſide, to the tangent of its opp. Z. 
| 46 | included | other | Chen two Z.s being known, the third is known. 
night = angles. The other — is found by opp. ſides and Cs. 
. eee en ee, 
„Two ſides Take z given E. from oe leaves 7 ſum of the other 258. 
III. and the | The Then, As ſum ſides, is to off, of ſides ; 2 "Us 
art. | included other 80 tan. æ ſum other Cs, to tan. 3 diff. thoſe 2.5. 
46 A 1 et {The 2 ' ſum KE + * 4 diff. Cs, gives 1 
1 BY, | a 45 . the other ſide by OPP- tides and angles. : 
C0000 et aj [Draw W perpend. to the reateſt ſide, FLO 4. 
JI. opp. 4 dividing that fide into two . | 
| |: Iden, As the longeſt fide is to ſum other two ſides; 
L1V. 1 T6 q” A So is the diff. thoſe ſides, to the diff. pts of longeſt. 
art. } three tbe: : [1 + great. | 
% | fides, | angles, Thenzlong. fide $ 7 it pes gives the I Beer tp arty 
JI | © {Now the ſaid perp. cuts the triangle into 2 fight £4 ones. 
1 In both, are known the Hyp. a Le F and the right 4 
1 F ik 1 are 1 1 f "| 
JJV 
4 —_— r a — | — — — ———B aaa) 
4. Fo 1 choſe which ankle to 1 4 call the fides in- 
ons op rs cluding that angle E and p. 1 
n. ESE The ſide opp. that , call 6. | | | 
j- 4 . * [Put Þ for the difference between x and x. 
y. The ©} iber [find the dalf ſum, and half diff, of 6 and op. 
art. three "4 Then write theſe fobr Logs.. under one another 
dees. ORE The Ar. Co. Log. of E, The Ar. Co. Lug, of v 
4 3 FE 122 The Log. of 2 ſum, And the Log. of =diti-rence. 
WOE TE ig, „„ Add the four logs. together, take half their ſum. 
I Peek it among the log. ſines; and the correſponding 
4 VS „ —— and mit. doub ed, is the F angio oy 
— — 8 — — : 
7 e 53 Ex, 
. * \ 0 


— 


* 
Oy * * * 
0 * = — — — 
—— —— — — —  — — — 5 


1 * ee TY 


28 * "eg 


* 


"Given 7 Poles.” 
Bg "90" 00” 
LAS 47 55. 

— Required the _ * 5 5 


” — 
* +: 2 . a 
— t 


© WA 21 Fox THE. LINEAK SoLUTION:. | 
"ut Did AB equal to > 195 poles, taken from a ſeale. F 
of equal parts. 8 B 
2d. From B, draw BC, making with! AD an angle of 90 57 . $4) 
- From A, draw AC, making with AB an angle of 47* 5s; 85 meet- 
ing BC in the point c. 
Then is the triangle anc ſuch, the 0 of which correſpond with the 
things given; and the ſides ca, ch, being applied to the ſcale that aa 
Was taken from, their ne will 8 e found, e 3 af | 


—pe=216. 


* 2 5 


" For THE 8 Sorbrios, on ; CompuTaTiOn. 53 
Since two angles a are known; Therefore, From | gf of 


5 | nA 
1 1 | 5 5 ; Remains 43 "05S 4c | 


Now | in this angle, there are FE all 10 — 5 and one lde; . 


8 fore among the known things, there is a fide and its oppoſite angle; 
which belongs to the firſt problem. | : 


$i hen to find the fide AC begin with the angle c oppoſite TY 8 


— — 


1 
55 
hy 
IN 
[4 
| | 
10 
135 
o 
iq 
N 
j 


| As the lea 2. e, lor thus, Ass & C=4a? 08" 4 0,1 Ar. * 
To the oppoſite fide a; _. a TO f 43219 95 po 5 $7879 A 3 
So the fine of the Z. , . eee \.. 10,00000 

Io the oppoſite fide ac, | 5 — | 

II dee = po: lbs | 


* 


* 


4 to and this fide BC, 1 with the ed c oppoſite AB. 


"As the ſine of the . o, h Or thus As 8 2 20 - | | g 
To the oppoſite fide an; | ö To 5 AnSig; 4% 8 Ar. Co. | 
%% *» - 9. LABERP". 55> 0.Mohgo. 
I" the bw OPEN Fg ts 


e 1 Kel re y py e216 po. , 2.33432 


—— 
1 p | 4 3 
„ * : x 7 % 


3 | + 5 . | fe 731 | 
80 that Ac is 291 . wry! ne is 4160 pole . 


The letters A Co. ſtanding on the ri leht of the _ fig nif the. 
. eee of he Lind fine of 43, * js” y in 


e n. T RIGONO MEAT Rv. 8 
5% | ExameLs: II. In t plane Tn ABC, 1 
5 Siven 4 11) miles. | | | | y 
̃ | 42 134 4& 

27. 


2 . 
* | . = 
: - 4. 5 
J A %” 
ES * 2 6 1 a — 47s Xo 3 
*; * p k Ye F 
a * 


Required the other . 


. For THE Linzar Sorurion, on ConsrRucTiON, 


Nike ABSI17 equa] parts; at A make an angle 22 37/ (Il. 84); 
and at B make an angle of 134* 46/; then the lines which make with 
AB thoſe angles, will meet in c, and form the triangle W 

| And the Sy of BC will be 117, and of Ac 216. | 


By COMPUTATION. See art. 45. 


x Bince two anples are known, | 
872 .B=134* 46 Nov PO 


E 5 


Since the angle 61 7 


1 9 BCSSAB 


8 a ber fum 3 23 


* 


42 = 22 37 311 


— 4 


* ; ir 


1805 WY And 9. 4 180⁰ oo 


157 23 | Take e 46 


1 22 37 The 8 <= 45 14 


. 104) To ful refute a7, 
As 35 Les i 7 "621095 hy, Co. | 
To AB 2117 


2,068 19 


$89 s, Z 1345 46 9,85 125 ſup. 


* ; | ro 4216 M. 233447 
: 3 2 1 8 OS BETTY III. In the plane E riangle 4 ABC. 
x Given AB=408 yards. fonts Loa N 
2 377 | 
=58 07. 


| Required th ae. Parts. | 


| ConsTRUCTION. 


Make ABS -408 3 or equal parts; make the angle Ar 585 73 ; and 


the 4B=22? 37/; 


then the lines forming theſe angles will meet in 


* 3 and the meaſure of AC is 159 yards, and of BC is 351. 
- CompuTATION, See art. 45, 


Two angles being known, win. L. a==589 0 From 180 0 
22 * Take 80 44 


n Ae. 


As s, Cc g 16“ 
To. AB==408 V. 


80 , = 37 9.5849 


re 155 Y..: 


| Their bam =80 44 
Hh 


. Ar. Co. 
2, 61066 5 


2,2013 * 
— nen——_—__ n_—_—_—_ 


2 a 


I 


Leaves 99 dee. 


To fud the fide 7 


As s, £.c==99® 16 8 Ar. Co. 5 
[To an==408 V. 2,61066 


80 55 4 8e 07 9.92897 


—— 


BY To B C=351 by 0s 254533 


In theſe 8 the ſupplant of the angle Cis uſed, (a) 


56. 


1 


1 . 
* 
. 1 
, _— a : n 2 i 4 — e 
g = — - g Ce - 2 * - — —— n 
ͤ ͤ!v rr w; SEAL , ²⁰ OA non” ]ꝛ w AE on els 


9 
0 
14 
* 
Þ 


— —— 9 * * 5 
. 


4 
{ 
4 
0 


n 


CP TS LEES 


3 — 4 


N = 
— . . 
- x . : 


7 =: raison Ar. 


8. ExaniÞLe IV. In the Plane Triangle: ABC. 
2 1 hs 

. 2 a e : 

Required the rf. 5% e Rt 
. 3 

Make AB= 195 equal parts 3 draw BC, making a an 

- angle at 5 90 0. From A with 291 equal parts 
Cut nc in c, and draw Ac. PLE 

Then the Z. A meaſured on the ſcale of chords will be about 48 gegrees, and 

Ls about 42*: Alle BC on the equal parts, N out 216. 
Comrour Arrow. 


„ 


Here being two . and an angle oppoſite to one « them, the futon © 
falls under problem the / SES DS ES 

7 find 1 angle ©, = To find the fias © no. ee, Ws 

4: een F. e Ar. Co. As s, LATE a 1 _s = 300090 

To s, „ o0* 19,00000. | TO C= F. 389 


4185 F. 2, 2900 8 80 85 L 14g 55" 3 ns 7950 

; NE og” 9.82614 WP OE ems, 7. 

Take 42 Es ; Here the ſine gr oo or radius 

Ps 6X95 - [being the firſt term, its Arith. Comp. 
Leaves 4 58 4.4 5 8 8.5 0 is not taken 


28533439 
G en 5 


| e A Ac 216 2 | 8 7 - 
5 . S 117 e N 
7, E 375 
be the be 
enn 


Make AC=216 yards; the £c=22* 37/; and ande e cb: Tas, 

With my yards, cut CB in þ or in B;; and either of the triangles Ac or 
ACB will anſwer the conditions propoſed : But the triangle to be ufed is 
generMly determined by ſome circumſtancesin the queſtion it nos ths to, 

Thus if the nes oppolite to Ae is to be obtuſe, the 808 Is ABC. 

 ComPuTATION. + 
' The ſolution belongs t to problem the firſt. Les wy. 46. | 
Jo find the ungle 1. 
: As * * 5 IF 85 5.93787 om. a 180⁰ oo 


—_-- To „ 8 8.88497 Take 157 2 
| | LLeaves ; 22 24. 2 eee 

Aber I —— —ñ—ö 
\ I . e And as Lare. ; 5 | 
_- Ce 4vn5y „„ | Therefore g. (l. 1900 


' If the angle required be obtuſe; ſubtract the. deg. and min. correſpohd- 
jagto, the fourth log. from 180; the remainder is the Z B. For the fourth 


log: gives: the i 4b, which is the PETER to the w_ B, Os 104, 9Þ)- 


_—_— ng 38. Ex- 


5 . To se 4% 


——— 2 


5 
ot 
a 


W 0 5 r 
b J TE OY YET J a fx Wn p * 
4 . Wes 1 82 th i > amd eAT'Y — 7 « . o 4 » 4 * 4 
— 3 * . ” MLL a» * * 1 7 - * x * Ms 2 
F ²˙¹i.ꝛÄẽõ' 0 ⅛ ! LEE ]! YT Cr Rog a To 
25 _ 4 


18 55. . EXAMPLE VII. 'S In the 10 Mil ARC, 
3 e 432219 95 © Purlon 


$ - 


: 
* . * 
Y — y 


Book. TRE G ON 0 ME T'R 1. a0 


3. _-Exaneis VI. I the plane Tring avs » 


. Given A tee] Fathoms, ; 


1 
en 375 5 | ho 
Rep th reft. - to: „„ 


| " ConsraverION. %% OR 
ene 8 the 4 e=22? 37 ; and FRE 51 fois A with 
159 fathoms, eut cb in b, or in B, and draw Ab or AB: 


8 1 hen if the angle oppoſite to Ac is to be acute, the triangle Acb is that 


which is OY: ; but if the angle is to be obtuſe, . ACB is the ae 
ſou ht. ; 
15 CoururATioNr. See art. 45. 
Hate "I a fide and its oppoſite angle known, the folation falls unter 
problem the firſt ; the LB is to be obtuſe. | | 


2 fo the angle n obtuſe. To find Bc, 20 7 — 4 
1 „ eee As s, Cc a2 37 o, 41 503 
To „ 3 ö 8587885 To aB=159 Ee 5 2,201 40 
80 Ac 408 F. 6180 s, 4 . A e ee 
704 19 8 9.99423 To BC=350,9 B. if 2454517 
Ya... WI —_—— „ > Mm 
r 121 56 {3 „„ e . na 
Taken from 180 GO e 1113 
Leaves 4 a=58 + 


+ -” Q berate | 
 £.B=90® 1 G IIE 
anime rhe wo. 3 | 3 


ROS FORE EE LENT» 


Make the Zh ABC==90*.; take BA=195 equal parts, and dem 22163 ; nnd 


draw AC; then 70 is the triangle propoſed ; where the parts required 
may be W the proper ſcales. 


OMPUTATION. See art. 46. ee X 


; M two gaes and the contained right angle are known, the anden b be: 


* s to 9 7 the ſecond. 
the angle 4. 


. | | Tofnd ac. 5 1 
F, 1770997] As e, Ce % 011295 


5 l oo 10,0000 To C 216 . 533445 


80 016 F F. 3 80 e ; 3 


. if 


$ \ * 
*. 95 e 655 5 —.— To ee: F. 2 2576995 
BEET = —— — — — — 
| 25 85 No . . 9 o N. ; 6 . | 4 „ 3 | 5 . 1 


* % » . : e 3 VF 9 ö 55 ö ; £) 
> G yo » 4118 | T 
WIG? „ . ; | | 4 * 
ay RL Tee R 650. Ex 
N 2 : * , Y w 
. = 8 * 4 


118 
8 
© "Given AB = 11) 
N dei Yards 
B= 13% 40%. 


Required the me 55 


une the abe 130 46/; take 


en, will 0 their values. 


fore the angles à and e are allo equal. 


e an FOR An =58" 07/ 0773 
| to that Weben was e 


tion re, 3d to art. 48. 4 


leaves 8 


ee e 0 
8 s 2 75 Ace r e 
4 a 5 6 —— of des. _ 35 
| n of daes. 
| 5 To fond the ** 5 | 
e * an Ac=g67. 
5 n 


"A 3— A 0 


80 t. eee 565% (See 9 0 


TR HG ON ON ET R M. 7 
ExamBLE VIII. In the Plane Thin anc. 9 | 


F 


8 „ CourbrA TiO. 
Now as AB and nc are equal; there: [To find. TRY 


1 the plane Tring ABC. | . 


From 180 00” 
Take 134 46. Cn. 
. ee ; 9. 2 
Leaves 45 14=£a+ £0 
g The half 22 z Cle. 0 15 
CY - Exits IX. 
Given i 
c=159 Yards 
=58" 07”. 
| Require, by I the 2 


„ . 


take AC=159, DG, een the ſame 
ſcalo of equal parts; and draw CB ; then will the e Ane equal 


Taken from 


4 8 
—- 


bd 


* 


BA and bc, each du to 117 equal 


parts, from the ſame ſcale, and draw AC ; then is the triangle anc equal 
to that propoſed 3 and the parts 1 e Wu: their e 


8 


See art. "I 1 
As 8, 22 3 + 4 
To 10 2117, FE _ ,2,06816) 
80 8. 42 34+ od ; 5 3 
Its ac=z6 V. 8 
. * 


? . 6 . 
„% 
v3 N s 
- ” ws 


4 3 


Comeurarion, + Wn 
* there Wine two ſides and their contained angle known the folu- 


| The half of 589 0 


18 29 <P which Wes. 
61] Who 


60. 5 EE +163 


To find: ne. nf. WES 


7424642 As 3, C. c 16“ 0,0057797 
_  2,39620|.To A408 V. 2271 


19,25520|$0 8 97 9.92897 


| To t. IL Ce 4p=38 1 ix 5.9787 | 
Then (47) 99 1 e. 1 ro JEW =35 r oy: 5 — . 
And 22 374. 15 5 
* "Th | — | 1 * nn. 


2 mo 8 27 K 5 1 8 . 
Ae e LENT F en 


ele III TRI OOINOMRETrR . nr 


62. ExAM TE X. 5 1 Plane Wk W ki 
© Given an=195 „ 2 
* 5 "E210 ; 7 7 05 85 i 
: , Tg H 
2 Katina he angles, „ 
e | 5 ConsTRUCTION. | 2 


: Make 68291 N parts; from o, with 216, deſcribe an arc 83 fro A 
with 195 cut the arc Bin draw BC, BA, and the triangle is Cent 
n 2 os ans may be meaſured by the help ons . of chords. 


CoMPUTATION. 


The three ſides being given, the ſolution falls under Aicher bile V. or 
Problem VI. But that the uſe of theſe Problems may be ſufficiently il- 
 luſtrated, the We according to both of them are here annexed. 

Solution by Problem V. (49 ) 

Fr rom the le + B, draw BD perpendicular to Ca, which will be divided 
into the ſegments CD, DA, the ſum of which Ac is known. f 

Now 16 | To find the diff. of the ſegments. 

| And 8 i re 19 7.53611 
— {To SAR = 411 — 2.61384 
a i=ſum of the fides. 404 80 , = 21 — 1.32222 
; — 1 | — — 


| ea. of the Ades. ro c- * 2966 — © 147217 


— 0 TEES ET AD UBIT DIAS 


PL 
4. 
4 
4 
N 
4 


- 


6 1 8 
* 3% : „ : bo £ 
py * 8 4 
* 
— 
— 


| 
; 


CIR PE IE EIT AGE 6 PETR 


- ow? the half of 291 15 14555 | 
Aud the half of 29.66 i is 14,83 


ei > 2 
. OO 


— 


5 Therefore (47) the ſum» _ 160.3; n Ae NaN 
Ws the difference 130,67=aD; or AD = 130%. 
re in the triangle ess? And in the triangle av B. 8 
A o 2216 — 1 80855 8 98.4. +..2,70097 
To s, obe o — 16,00000| To s, CAR go® oo __* 10,00000 
80 9 ſ7»gd (60,3 — 2,2049380 45 130, 2, 11628 


1 1 — ; * . bs 


k.- 

N 

3 

by 

25 

— 2 

N 
— 7 
* 
4 
*S 
in 
* 

= 
* 
- ad — 
= 


* 


* 


ro, 5, Lesbe We 2, 3 Tos, 4 ann 3 42 o 982625 
i * SS wu. taken from 9 00 __ 


— — — 99 


* ; ; 
\ 


Ser ip 
Leaves £2 242 05 >; as Sts Leaves 49 = 47 BU es TP v 
gs Ty. 5 5 wy } 85 40 . 1 . 4 


— 


. blu by Problem v1. = 500 'Þ BT 4 
15 1 . . Then, to Ar. Co. log. E. obs — n ; 

7 The” W=20128S0- Add Ar. Co. log. F, 2216 47.86 555 | 
8 "249821 626 BR * . ** o — IG+D=135 "= 2,3033 
Y 2158 r . N og. 75. e 3 (of gt 
£444 ada PREG Ne bt ONS 24 gs | 3 | 

GIS EZAB .- | The wagt un dum a Wins 20195 1014 7 

4 T „ i e 5 C ; «1 

"2 O)1 = 5 Is e . fine o 21%0 24 => = 0, O 9 5 3 
)#70)135=3TF log. of — 99 255507 


A aſc 


FL 1165 — — 1 ITY | 66077 54 


yas N 25 Which doubled . gives 42* 05'= =£ 8 5 
0 2 


ou fide £ 


"LL 
. ec C being Ws. the other angles may be found by Pro. 1. 5 : 
; . 63. x. | 


5 £2.44 n res! | AB 159 


mm TRIO ONO ET R * Bock If. 
F 63. te XI. 't the plane FRA anc... 8 ; 3 * 1 


NW 
Groen Ac 408 MN | — 2 CY 
< * BC 2351 ee IN | | | 


Required the angles... © — ab''” - 


"Coniruterion; 


4 he e contri and wenſuration } is performed ah i in a the laſt Eaux. 


Comp AT TON BY Pros. V. art. 49. 


F rom | the 4 „ draw the perpendicular zv; and find the Pons AD, 
Dc; which may be done without logarithms. . 
Thus Bc==351| Then (I. 46), As 408 : 515 2193 24 be-. 715 

# - ABSSI 59 For 192 X 5105597920; which divided by eien 24D. . 


$a £7 o+ AB=510 Now half of amen and half of 240 is 120. 


* 1* * 83 V 


S194 Then. 204 H120=3a==no; and 204—120=${=D4. 2 


\ 


In the eriangle ADB. 7 0 In the triangle BDC. 785 | 
. ie "i 5 As S bio 
T0 Os" £. D=290®. . 10, ooοοο To s, 4 D==90® OO +. *10,00000, 
5 80 "AD=3% _ 1.92428 80 5 benni —.— 25,5 1054 
To 5,409 p==319 55 nn To, ener. oi 7 = 996525 
And LA =58 7 : 8 And L 37 1 


Then Fier ee eee 16˙ | 
CoMPUTATION BY PROB. VI. art. 50. 


7. find the ah .. ] Then; to Ar. Co. log. e os 7738 
Tat z==2ob=xc * Add Ar. Co. log. r 8 115 a 1 
e And the log. eb ies 2,3342 
- T 3.0 MOSS. 1 55 $1 1.70757 
© D== 5e. be Nh e — 
rn S ii PAs ts l The af of this ſum 5 0 
2) 2160108 G4D , Is che log, fine of 119 18/2 he 9929255 
5 20 =F6D I Which doubled, i is 220 5 PO 


* n 


Now the angle C being known, the other angles may be found by Prob. L 
But for a farther Waſtraion of Prob, VI. the work for another 4 ngle * 
here repeated. ' 


ſpate ale, - «of Then, g Ar Co. login "BY nad abs : 


* 


al Sn 1 Add Ax. Co. log. r- 159 779860 
* 2 ne log. 1— 2.47712 
A 1 Allo the log. * 2503342 
er 3 — — 

Tue half of this fm ———— 


— 


7 
| 5 Is the log. fine of 49 38˙ 9,88 I 9 1 
4 — n 


N | Which doubled, i599 SON be” 
64. Br: 


eee . 


4 » 
Ls 3 1 —— 
- 
4 
1 


. * Fj 2 PI * r N 5 
nnn . n ” : 
* 


10 NO METRY. ny. 


EA XII. af the plane Triangle ABC. 


Sie Ab II/ 1 ; 
nnr Mites,” e 
Ac 216 0 My be 
85 5 3 r 1 SD} 17 n n a 2 


"Vis 158 
7. Consr iber . 
ph aps of this" triangle, and the mea ing of the angles, is 

| petri as. in the hoon Examples. * hs: $i ON 


* 
i * 


me 


7 4 I Wy y N a # 
3s Ss 4 Fi Fe > Er s Yy 1 


| * . Fig v 5 1 20 e 1 | | 
151 triangle Asc, Anse z therefore the. angles A * are equal 
H. 104}; and the perpendicular Bp biſeRs the ſide Ac; fo that the right 
-- 0608 triangles” ADs, wag are congruous; conſequently, the angles | 
being found in one trian Mts will give thoſe of the other 
Ke Now in the triangle ADB; fide-aB=11 73 the ſide ab, ach i 18 1083 
3 3, and the L. 5 18 900 /: Here, therefore, 3 a ou Ny its * 
1 ang E given, the ſolution Te to Prob. *. e | 


EY des 55 5 . ao 4 And ey 27 0 doubled 


ACT RT: 3 13 e an 0 
To e, * i 3 10,0000 Gives 0 ie ; 
80 =108 2503 342] 


= — la like Neeb is to be uſed in every. | 
Te; „ . ABD Sor ay 996523 triangle, in which | are two e 


1 er | Lide. 0 2 £44 
Wiki "FRE 1 ty 255 | 8 | TEX LHR * ; . . . f e 
ST RO SET WHEY 3 


. 5 1000; 37 a Ae. 8 Ah BY OE 5 289 1 ; 
4 at; 83 r wrt . 2 "IF 4 $1 $ 
The foregoing examples contain all the variety that « can nh happen 
in the ſolutions of plane triangles, conſidered only with regard to their 
Tides: and angles; but beſides the methods ſhewn of reſolving ſuch tri- 
es by conſtruction and computation, there is another way to find 
 theſ ſolutjons, called TInftrumetital; and this is of two kinds, viz. either 
A cuter calle#'a Sector, or by one Called the Gunter's Scale: The method 
 bythe"fector, the curious reader may ſee in many books, particularly in 
"a trentiſe" on Mathematical Inſtruments, publiſhed in the 'yeat 1775, 3d 
F edition But the other method by the Gunter's ſcale . fo” great 
th. art els JO be MERE place to treat M. 


. 75 
— » 3s: * * * W. % * F - tt ; % $ : 
2 2 31 . 3 2 1 1 EP * 24 * ''F * . 1 — 8 — * — "A ws "I IEA TU PRI am, Ss. a ” TI v a n . 
OOO RU ͤ Um. AF + | . 
3 » $4 I 3 N > a „ I 
: e 5 * * 7 0 2 4 J f . 
e 1 e 
Li . 0 our dee. 
. G * 8 . ; $7 4 28 5 
1 ae 9 
S . NM 5 ds 
* 7 7 | ; g 2 4 181 14 Bou way © 5 * 1 7 * 1 
Fr © 4 8 * 2 3 — 4 ; 
1 * begs: * " — 1 4 Y - 4 * " 
1 8 4 1 ; 2 A _— % vs 2 : \ N X ; : * 9 n 4 = 
b 93 ; ; ö , = 3 7 + ö . 8 1 
a 80 | I DYE 5 N N my * 8 0 ? > 4 KY 6 93 E | | 
3 . a” as * ] iin * f = WE bd 
ES , 8  &. > #5; [ . — * 3 0 4 1 ® 
„ | > | ; | | "Wy 
: . « — 1 2 1 4 , N j ” by | J 
* ; * 5 > 
— x * 
— 1 
* 5 2 * : * 
EE > 
4 ** * 8 — 
bY 1 
a 
EEO 3 4 
Wh. 2 : E 
* i * x _ 
. * ” 
*”_ 1 bs 
* = 
— is 


< * 


„ SE r Sent 


4 


Pl „ 
; 1 N 8 "Se. " 1 * 2 * * 1 
F - & * A 7 x SI 8 at is Pn. : * 1 1 9 * 8 
* ö 1 ; | g aha; P's . H as RA N Y 45 "I A mg . i 
K 2 h : 1 5 
” | : | N 8 CY 
| e 3 Grow! al ID 
L of . a 1 . a 1 4 

45 * j o i . * n wy 7 
i p 1 . 8 . 'y r 

0 ” * 


nee. . p Confrutio * ; the Gunter $ 


See. 


4 o 8 N . 


2 N | f | 3.77 -P + Bo 85 1 2 1 7 | 
—_— : by tis Elan Gunter 228 72 An 0 f aber: College, 
«„ ner :. "This 5 aer Ae ” NE ed by 1 figures 


in thoſe logarithms from a ſeal e s the te parts, 3 nd ed them to a 

line, or ſeale, drawn on fuch a ruler; and this . s the line which, from his 

name, is called the Gunter”s Line: He o. in like manner c ef a 

 Jines containing the logarithms'of the and tangantss And ſince; his 

time there have been contrived otben -logarithmaig Acazes. adapted 4 be va- 

; rious purpoſes. Ne ene $3 ig Li asi no ni bust x aid. | 

The Guater's ſealb is aruler, än wo ſcet long.; having on, « 

ö of i its flat ſides: ſeveral lines or logarithmic! ſcatess and pn the other ide 

various other ſcales ; which, to diſtinguiſh them, Hun the former, may 
be called. natural ſcales. | 


9 55 While the reader i peruſing what follows, i it is pr r d hav: 
Md Gunter's ſcale be before. 0 x Wal | ers al Nee 


| „„ SEES Oh 435 eie 2; e er <4 S507 
£ 66. EE | 07 +  NaturaÞScales. o = 42 62 


; 16:19 25 of 


Tue half of ons Ede is filedawith different ſcales of equal artes for the 
convenience of conſtructing a 8 or n figure: The other half 
contains ſcales. of Rhumbs, mark ; Chords, marked Ch; Sines, 
marked Sin; Tangents, marked Fe : . Sec; Semi- 
tangents, denoted by S. T. and Longitude ditingatthed by M. L. The 
| _ deſcriptions and uſes of theſe ſeales will be conſidered hereafter, in the 
15 Places „ wa * Wer e 12 bie 7 2041 MRS SIO af 47 bg 


7 * . 13 W I's 1 # * oh" : *% at x: | 
* 3 $45 +3 £#; <2 29: © 4 * 3 0 2 or $23 TH MER $8 
- : : * , CY 
8 4.4 Þ& * 4 0 8 | { g * 5 
4 7. N dey Ve. Logiar: 1 rules, 7 . A 5 * Py: ' / % — * 
A 
2877 ol; 


Ore” . On, the FIR fide. of the ſcale are the following lit lines A 
II. A line marked 8. K. (fine:rhumbs); which - e = "© 
ws LN mne. fes of the degrees to each point and quarter point, of thexcompats. 
II. A line ſigned r. X, (tan zhuobs),;the, Heißen of which, cor- 
1 reſpond to the logarithmic tangents/ofjthe laid points and quarters 
III. A line marked Num, (unge We the fen A. pum 
| bers are laid down. | 
IV. A-line marked Sin. cc | 
VV. Aline of log. verſed Cs, marked v. 8. 95 ö 
VI. A line of log. tangents marked ä „ 
VII. A meridional line — Mer. e 
VII. A line of e 4 NT E. r. 


rann * 1 8 8 , 


_ , 
| 5 5 r ; ' _—_ s a die a4 
| x "HY k Wl . ; . 
* 4 v l 1 F . * 4 — . — 6 W. . , ' a "I ; 2 5 14 
| „ 3 5 | 7 d 1 the is "x P 
5 1 : 2 n MF. : - ** * : : . & : 0 
- Py F - . 
1 F - | +. : * 5 * 
x o „ * _ x : £ 1 U ? N 4 4 9 s 
5 * . 2 * P » Bp + % g x * 4 4 1 4 ; 3 a 1 
4 * A © - * * 7 
- a 4 » « $ / 
3-4, . : . - - ; 
— 4 4 P 5 * — 
. - 6 6 %, 
: , . 
$ 2 * | 
” + * 3 «+ 
4 7 - , 
i 
— we 
4 | * 
+ 


Book In. * * 1 6 © N 0 M E T R Y: 115 


: 1 * 


75 68. 1 . 1. "of the Line N ON 


; "The whole length of this line, or ſcale; is divided-into two equal . oY 
or intervals: the beginning, or left-hand end of the firſt, is marked 13 

the end of the firſt interval, and beginning of the ſecond, is 'alfo marked 1; 
d the end of the ſecond interval, or end of the ſcale is marked with to: 

— Bow theſe. di ſtances are alike divided, beginning at the left-hand ends, 

3 laying down in each the lengths 'of the logarithms. of the numbers 

- 20, ze, 40, 50, 60, 70, 80, 90; taken from..a ſcale. of equal parts, 

- ſuch that 19, of its primary diviſions make the length of one interval : | 


And the intermediate diviſions are found, by taking the logarithms of like 
intermediate numbers, | 


From this conſtruction it is evident, that when the firſt x ſtands for I, 


me ſecond 2 und; 1 0 e 10 e $90 3; EY ag | 
r 2 25803 148 3 j SLIM # 2 . N | Ire « 
ee | 
)))) ͤ . o 406, « 

22K! . : 9's 4 05 4 5 


5 . the primary and 3 diviſions i in a 1 5 04 mul "oy 
5 according to the values ſet on their antremities, vix. at the be- 
Einning, middle, and end of the ſcale. _ - F 
Now the examples moſt proper to be worked by this ks.” are fuch | 
where the numbers concerned do not exceed 1000, and then the firſt 1 
ſtands for 10, the middle 1 for 100, and the 10 at the end for 100% ũœ ò vd. 
The primary diviſions in the firſt interval, viz. 2, 3, 4, 55 647, 8, 9s. 3+) 7 
Spc. for 20, 30, 40, 50, 60, 70, 80, 90, and the intermediate . | 
_ Hong ſtand for units. In the ſecond interval, the primary diviſions figned 
27 37 4» 5, 6 75 8, 93 ſtand for 200, 300, 400, 500, 600, 700, 800, 
WW 90 each of theſe diviſions are alſo divided into ten parts, which repre- 
nt the intermediate ters. Between 100 and 200 the diviſions for tens 
are each ſubdivided into five parts; ſo that each of theſe leſſer diviſions 
nd for two units. The tens between 200 and 500 are divided into > 
- "ui two parts, each ſtanding for five units: The units between the tens from 
300 to 1000 are to be eſtimated by the eye; which by a little practice is 
- readily done. 3 
Prom this deſcription i it will be 6 to find the diviſion repreſenting a 
ba. 2 number not exceeding 1000: Thus the number 62 is the ſecond 
mall diviſion from the 6, between the 6 and 7 in the firſt interval: The 
number #35 is thus e from the 4 in the ſecond interval, count 
toward the Ne he right, three of the larger diviſions, and one of the N 25 
| 3 be and that ny nl bo So gion r ca, 435. 9 the like of 
© num e | 


' % 4 "> | : * 
Y * 7 — 32 * "©, 2 11 
L $4 'T" © I 7 7 Py, p Fa . * 
1 2 . 7 &. 4 15 . . 5 74 7 þ 5 
» > ö r \ - 


: 1% + £4" #4 
| 3 5 
7 - « < 


2 k © : 5 1 Py 1 
- if E oy v9 * 2 > fs 1 ? * — . : Y 
4 5 , ; , * 
L * N 
* 7 . - Py * 
. 1 4 
83 8 F 99 e Kal 1 | : 
+, —— p * C t d >. 1 | N I * For 
4 7 4 - y = 
; 2 , , 2 9. . 
« %®s , p08, * 
RO : : : * 6 
» - x S /- « 
* 8 — N . 4 1 - 
? . - 
o : N - : : A : 
” 1 0 


* 


ö % 
K * g 
; 8 
— ———— ⁵˙— ̃ ͤ rr oe —— 


: 
- 
r — — . TION 


— — 


n 1 6 0 o N E T n v. Book Il. 
8 8 2 U. For the Line of ges, 2 


This ſcale terminates at 90 degrees, juſt againſt the 10 at the end of the 
line of numbers ; and from this termination the degrees are laid backward, 
ot from thence toward the left: Now ſeeking in a table of logarithmic 
fines, for the numbers expreſſing their arithmetic complements, without 
che index, take thoſe numbers from the ſcale of equal parts the logs. of 
the numbers were taken from, and apply them to the ſcale of ſines from 
7 and they will give the ſeveral diviſions of this called 
Thus the arith. comp. of the log. fines (or the co · ſecants) abating the 
index, of 10% 20, 30%, 40% He. are the numbers 76033, 46595, 30103, 
19193, ec. then the equal parts to thoſe numbers, laid from .90*, wi 
give the diviſions for 1 1055 2⁰⁰ „30% 40% Oe, and the like for the 2 
248 Proceeding in this manner, the ach comp. of the fine of © 45 will be 
about equal to 10 of the primary diviſions of the ſcale of equal parts, or to 
one interval in the log. ſcale; ſo that à decreaſe of the index by unity, 
anſwers to one interval; then a decreaſe of the index by 2 anſwers to two 
intervals, or the Whole length of the log. ſcale; and this happens about 
the fine of 35 min. and the diviſions anſwering to the fine of a little above 
3 min. vis. 3, 26”. will be equal to 3 intervals; 5 and the ſine of about 
26% will be 4 intervals, Qc. ſo that the ſine of go" being fixed, the be- 
Ros g of the ſcale is vaſtly diſtant from it. 
It is uſual to inſert the diviſions to every 3 minutes, as fat as 10 de- 
Sees; from 105 to 307, the ſmall diviſions are of 15 minutes each; from 
30 to 509 contains every half degree; from 6 ph to 70 are e whole 
hens: ; n are N | 


U 


1 2 


70. Fg I. For the Like of * ange. 


As the Hens of 45 degrees i is equal to the radius, or fas of g0* ; 

therefore 45” on this ale, is terminated directly oppoſite to go on the 
fines; and the ſeveral diviſions of this ſcale of log. tangents are con- 
ſtructed in the ſame manner as thoſe of the ſines, by applying their arith. 


pg comp. backward from 45 or toward the left-hand. 


-  - theſe aſcend in the ſame direction: Now having a table of lo 


the ſaid ſcale 


The degrees above 455 are to be counted backward on the ſcale: 


Thus the diviſion at 40 repreſents both 40 and z the diviſion 30 
4 Re? for 8 45 JE 605 I he "OE a other e an and Nr inter- 


9 7. Ap 5 I 3 Fry Line aha . 25 es Dy 


Hat 


This line 1 at the termination of the numbers, fines, and s: 
; Rut as the numbers on thoſe lines deſcend from the right to the left, ſo 
arithmic 
= verſed ſines to 189 degrees, let each log. verſed fine be ſubtracted from 
that of 180 de 7 ; then the remainders being ſucceſſively: taken from 


equal parts, and laid on the -ruler backward from the 
| common texfnination, the ſeveral * of ae: ſcale will be obtained, 


: - ba £ > 
| OE. The 
* 4 * * A 4 
J A 6 1 . . 8 


5 -Conſequently the logarithmic co-fine and ſecant of the fame degrees: are 
the arithmetical complements of one another. 


b 


„ The radius of the tables being ſuppoſed equal to 14. 


Bock Ul. ER IG ONOME T R v. 17 


The numbers for each 10 deg. are in the 9 table: 


D. | Numb. [D. | Numb. þ 
1— — . — — —_ — . 
; 10j0,0033]40[0,0540(70 0.1 733 

/12010,0133{50/0,0854|80j0,2315 
30 O, 030 [6oſo, 12 PEA 21 aid 


mb. [ce] Numb. | 


The other ſcales will be deſcribed i in their proper places. | : 


2. Diemonſtration of the foregoing conftruttions. 
* That of Gy 5 numbers, is evident from 4 nature of legarichens. 


: 


. For the Sines and Tangent. 8 
Now c- ine a : rad. : ſecant (34). Then o- ſ. x ſecant =P = 


fine +: rad. : : rad. : co-fec. (35). fine x co-ſec. 1 
tan.. BY ge” - rad. : N. rad. : Co- tan. (36). oF tan, X co-tan, =1 


Hence it is evident, that in either caſe, one of the quantities will be 
255 to the quotient. of unity divided by the other. 46; 

But diviſion is performed by ſubtraction with ISgarithms. 

And to ſubtract a log. is the ſame as to add its arith. comp. 


And ſo are the logarithmic fines and co-ſecants : Alſo the logarithmic 


tangents and co-tangents are the arith. comp. of one another. 


73. Now as the arith. comp. of any number is what that number 


"wants of unity in the next 1 fre a lace. 


Therefore every natural ne and its arich. comp. together make the 


| radius. 


end. 
Therefore in a ſcale of ſines, the arith, comp. of any ſine, or its co- 


Wentz laid backward from oe, gives the diviſion for that fine.” And the 
: like muſt 2 in a ſcale of log. ſines. 


74. Alſo, as the logarithmic tangents and FR ROE are the arith. 


comp. of one another; therefore in a ſcale of log. tangents, the diviſions. 
to the degrees both under and above 4 55 are equally diſtant from the di- 


viſion of 4.5®. 
Conſequently the Arigent ſerving to the degrees a 4 2 vill ſerve, 


L by reckoning backward, for thoſe above 45» 


Fur the Verſed Linen. 


7 "Although wie We in the line of verſed fines aſcend Pat "POR to 

_ left yet they are only the ſupplements of the real verſed ſines, which are 

numbered in the ſame order as the ſines, that is, from leſt to right: But 

ds the beginning of the verſed fines falls without the ruler, therefore it is 
moſt convenient to lay dawn the divitons from the point where the verſed 

ines terminate at 180 degrees, that is, againſt go? on the ſines. 


* 


Now it is evident that the diviſions laid off from this termination mai | 


be the differences between the log, verſed iner of *. ſeveral degrees, oc. 
WE ak * 190 OP ; 


3j 


=, 


Se PPE RITA ENG GORE . RI PW NY; I be CA; RR HET A, AE 


And the fine begin at one 528 of a -endins; and end in go® at the other a 
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8 G 15 1 8 EC T 10 * N = 5 
The uf of the Gunter s Scale in Plan Trigonometry. 


76. When 5/Tritonometrical Queſtion i is to be ſolved by the Naber. 
' ſeale, it mt firſt. be ſtated by the precepts to that problem under which 
the queſtion falls, whether it be by oppoſite ſides and * or by two 
ſides and cheir included angle, or by three ſides. 


ccond terms are of the ſame mw then, NN 


— 


12 th all proportions wrought by * Gunter' 's le, when the Grft and 3 
WW ene fo 75 th ane form to th — ane une the wird n 

t the mn | | 
Or, when the gert and o terms are of the ſame kind, 


| The extent fon; the ft * term to the third will reach from the fed en 
ko a 5 | | 1 


\ : 


: 'T hat i is, fet one 1 of tho covet ads diviſion 8 the fiſt 

term, and extend the other point to the diviſion expreſling the ſecond (or 
third) term; then, without altering the opening of the compaſſes, ſet one 
point on the divition repreſenting the third term (or ſecond term), and 
the other . wh 5778 on hom e ee the Fon term or 
anſwer. n 4 


working by tee directions, it is proper to oberve, eee : 
38. Firſt. The extent FINE one ſide to- another "MF is to be bien, 
from the ſcale of numbers; and the extent from. one angle to another is 
to be taken from the ſcale of fines, in working by oppoſite ſides and 
angles; or from 50 ſcale of e in ans by two Os and * 8 
includes angle," | 


” „ N 4 * 1 „ *'L * 1 q o 
«7's FL. * © > — 0 * - 1 * * 5 N 1 wy « 1 * 1 E 
* 4 5 4 ” — 7 1 „ 7 5 : 
- = : x — 


Sevondiy. 'When the extent from 3 firſt 8 to 1 en (or third) 
is decreaſing, or is from the right to the left, then the extent from the third 
term (or ſecond) muſt be alſo decreaſing; z that is, applied from the right 95 


toward the left: And the like dates, is IT when the, extent is 
from the. left toward the naht. ＋ 91 70 0 


* * of; 
— = bd of I 4 * 1 . . 1. 


j Theſe precepts vin eu: atended twin follows will be wy 
Wee | OY I ng 1 


* . 
= . . o 
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ns TE ExanpLe I. Hee Article 53. 
As 46 :$, 4B; Ac. Or 5, 42 057: 195 :5, 90⁰ and 9 


— where Cad for Mme trader. Babe Fo 


Now che extent fo 42® - o5/ to go? ad, "why on a * ale of ſines, and 
dete the ſcale of zumbara, will reach from 195 to 293. See art. 1 


Alſo, As: s, £6: * AB *: 284K be. Or 10 42 05: 195: = 6,47 35 . 


Then the extent fk 429 os! to 4 85“ on the fines; . applied to 
5 numbers, will reach from 195 to 216. See art. 68. 

In each of theſe operations, the firſt extent was from the left to the right, 

or ihereaſing ; J W 0 the ſecond extent muſt be from left to Rent alſo. 


1 * 


* 


be. * 1 1 67 In Exams IV. See Art. 55. e Uo * 


1 N 5 AC: - LIST : AB; „e. Or 297 : ; $,90® o: 195 ole . 


. 5 the extent from 291 to. 19 5, taken on che numbers, and applied 
0 the fines, will reach from 907 o to 42 o. 


The firſt extent being from the right toward the left, or decreaſing ; 


| therefore the an extent muſt be alſo Ok the 1 75 to the left. 


1a Exanere VII. See Art. 59. 
11 AB: Rad.; 1 8 : Or 195; t,. 45˙ oo/ : 2216: 1G - 


Then the extent from 195 to 216 on the numbers, will reach 6 | 


45? o to 420 55/ on the tangents. 
Here the firſt extent being from left to right, or 838 therefore 


che ſecond extent muſt alſo be increaſing: Now on the tangents, this in- 
"creaſe above 45 does not proceed from left to right, but from right to 


left, the ſame way that the decreaſe proceeds (70) ; confequently the di- 


viſion which the point falls on for the fourth term, muſt be eſtimated ac- 


ee as the firſt extent is increaſing or. CH... 
Thus had the proportion been, 5 


Ae ne: Rad. 15 AR; Ec. on 216 645 0 9 23 195: "Hg 


*r Wh 


vc we 


1 "Then the extent from 216 to 195 on the numbers, will reach from . 


5 o/ to 42 O's, eſtimated as decreaſing. 1 


81. When two ſides and the included angle are given, and the tangent. 
. the difference of the unknown angles is required. 


Then, on the line of numbers take the extent from the hook of the 


given ſides to their difference; and on the line of tangents apply this ex- 
tent from 45* downward, or to the left; let the point of the compaſſes 
reſt where it falls, and bring the other point (from 45?) to the diviſion 
_ anſwering to the half ſum of the unknown angles; then this extent ap- 
plied from 45 downward, will give the half Aferenee of the unknown 
. . the ages way be found. (47 
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As Abs. \ AB—AC it t. 2 5 c elle: 
Or 367. is 09, z t. "hy, NS 1 


W 


tangents, will reach from 45? to Nour 23 40: Let one point of the com- 
paſſes reſt on this diviſion, and bring : dther- to 60% 50/; then this ex- 
tent will reach from 455 to 38? 29” 7 8 half difference ſought. 
8 And this method will aways give the half e x: _ half 
ſum of the angles i is greater” or leſs than 49%. 


£ cafe: 7 x l * . 95 


ny” 82. But ben the half bum we half Ane are e greater then 4s; 


numbers, will (on the tangents) reach from the half ſum of the auger to 
their half difference, reckoning from left to fight. * 
And when the half ſum and half difference are both les than 
fte extent from the ſum of the ſides to their differ ence, taken aan the 
numbers and ap; ed to the tan Mie will reach from 0) half ſum of the 
| 3 downward to their balf ifference. 5 


4. 6% FR hs 44 LEY 4” F 
N N *. » { yt 77 


| cular | is drawn from an angle to its ee ide.” X, *. art. . 


Tag 


BoB „ eb-Ab. 5 boa . 1 
ö 6 


* Now the extent from 291 to 413: on the TTY of — will feach 
from 21 to 29,6 on the numbers alſo. - 


| | As AC : Se AB 
. Or 291: 4 


2 7 
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84. Or an angle at 7 found © Problem VI. as fan 1 
In the ſcale of numbers, take the extent from the half ſum (of G and p) 
to either of the containing ſides (as E) ; apply this extent from the er 
containing ſide. (as F), to a fourth term: Let one point of the com 
reſt on this fourth term, and extend the other to the half difference ( of 


" Rſs will give the PRs * he a ph ſought. 1 


5 5 5 . 210 n HIVE, CES DEI 85 4 Ef $1904 Wet | fa 7 . 


6 * 


1 


5 . | : i 4 "$20 7 1 98 bp N x. See Art, 62. 15 : ba 145 at | 
Et + a 25 1 201; 7 8 521765 half ſum = : 1353 hae Gif, = = = 69... 15 " 
6 1 the numbers, the extent from 135 to ds Sil reach f from 


| .___ this extent applied to Abe verſed Fes will reach from the beginning to 
1 . . ; which hs from LINE leaves 42% 15 for the angle bought. 
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N . Naw ear frond 1 ws on ihe un, (veg ied to the 
| then the extent from the ſum of the ſides to their difference on the ſcale of 
then | 
$3. When the thice ſides are given to find a ana 3 A bed 


Then the extent was ** SO is perfrmed i in che ſing, 52 as 5 


} 0 and D); then this extent applied to the verſed ſines from the * | 


| 2 | : 216 to 4053 3 let the point reſt there, and extend the other to 60; then 
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Here x=408; 2381 half ſum of 6 and p 108; half diff. 51. 
Then on the numbers, che extent from 108 to 408, will reach from 


_ angle ſought. „ 5 e e ee : 


E > fo Ah 
A 4 <1 


comparing each 


9 


W.. 


w EML XI. See Art. 63. 


351 in the ſecond interval, to a fourth number: But as the point of the 
tompaſſes falls beyond the end of the ſcale, therefore let the extent from 


x68 to 408 be applied in the firſt interval, which will reach from 30, 
to 432,63 let one point reſt on 132, 6, and extend the other point of the 
compaſſes to 31. Now as this extent of the compaſſes is leſs than it 
ought to be, by one interval, or half the length af the ſcale of numbers : 
therefore the laſt extent, when applied to the verſed fines, muſt be from 
chat diviſion, on the verſed fines, | oppoſite to the middle of the ſeale of 


numbers, which is nearly at 143* and it will reach from thence to the 


z . ; 4 
: * 1 ff 3 - 


Vw. $67 6/16 rt TT OE DU 5 ED OMA 
$6. Moſt of the writers on Plane Tri etry treat of right angled, 


1 W 4 n 
"RE 3 es 


5 87. Beſide the demonſtration of Problem IV. at art. 48. it has been 
thought proper to give another demonſtration ;/ becauſe there ariſes from 


it a Theorem uſeful on ſome occaſions : Moreover, there is alſo added 


methods of deriving other rules for the: ſolution of the caſe: where che 
three ſides are given to find an angle, which, if they ſhould be found of 
no other uſe, will perhaps be agreeable exerciſes of Geometry to thoſe 
who are Gelighted with theſe ſtudies, 
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and of oblique angled triavgles ſeparately; making ſeven caſes in tbe 
former, and fix caſes in the latter: But as every one of theſe thirteen caſes = 
full under one or other of the foregoing Problems, therefore ſuch diſtinc= 
tions are here avoided, it being conceived, that they rather tend to per- 
plex than inſtruct a learner: Alſo in the generality of the treatiſes on this 
ſubje&, it is uſually ſhewn how the ſolutions of right angled triangles 
"are eee (49 it is called) each fide radius; that is, by 
fide of the triangle with the radius of the tables: And 

although theſe conſiderations are here omitted, yet the inquiſitive reader 
will find them in Book VII. near the beginning. 
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1 th, Properties of Plane Tage | 
"0 oe * 5 i * ah any plane triangle ABC, 7170 g 


| Siven, Ca, ch, and o.. eee 
man tune! Required ths angles and ag> e 
6 Sie picler Take ch CR, and draw pn. 55 77 


Biſect 5B in r Da in r draw A ander, 


% „ 
— = 
* 8 


2! which is parallel to as. {.a6@): 4/7} 
Now pk or At is equabto half the FEY Ei. 

of EA and .. 2 75 ä 4 5 u. 

And CE. (=caLap) is equal! to the half funk e 8 

© of CA and ONPT 657 2507”, a 1 33 raph e 47) 

Tue ſum of the equal angles enn, cn (ll. 104) b edel — 

of the unknown angles CBA, CAB. N ie. gs 8) 

| PP Log the angle CBD is the half ſum, and the angle ABD is the If 
of the unknown angles 0BAGCAR r (47) 


_—_— AS 2 is at right angles to p (II. 103) 3 ; cx is the! tangent of | 
enn, and e is the tangent of :4/ABF to the rad. ůRxr. 4) 
Then es! wee ore 165) Or ack : A . 11.2517 


ee 077 | nie 17 * bsi LB LISA ITY 27 
Thats, CAFEB 0.— : tan 24 Fa ; tan. enz. 
3 eb n, ' il Ns $33: 


869. Again.” Prom! A the middle of ep, draw. at fight angles, and 
equal to cn; draw oi, and os ene au Dy 1 1 cx Os in 


| : | 12 Nr. and join- IE. 
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Conſequently rad. tan. 4er: FT tan, E4TBA 1 Fam: tan. ese 
This rull ie is often uſeful i in Aftronomical calculations, when the loga- 


rithms of the ſides AB, Bc, are only known, and the angles Bac, BCA, are 
| required, without finding, from thoſe logarithms, tlie ſides themſelves. 


For the difference between the logarithms of the- * EAPO IP 
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8 g 3 DAI and. Principles. e ee 


15. HE K ICS is that part 'of the Mathematics which treats of Fa 

poſition and magnitude of ares of circles' deſcribed on the ſurface 
of a ſphere. 1 
2. A SrnEnx is a ſolid contained hinder one uniform round ſurface, | 
Web as would be formed by the revolution of a circle about its diameter, 
; That diameter being immoveable during the motion of the circle. 

"Thus the circle AR BD revolving about the diameter A B, will generate: a ſpbers | 
the ſurface of 10hich will be formed by the circumference Ax BD. See Plate I. 
he CENTER and Axis of a ſphere are the fame as the center and 
Giamieter of a generating circle : And as a circle has an indefinite num- 

ber of diameters, ſo a ff ts may be conſidered as having alſo an indefinite 
number of axes, round any, one of Nen the ſphere may | bu congeived to 
be generated. 

4. CiRer Es or THE Senmnn are thoſe Aa deſcribed on its . 
— the motion of the extremities of ſuch chords in the generating circle as 
He at fi angles to the diameter, or to the axis of the ſphere, 1 

Thus by 'the mation of 'the-circle AR BD about the diameter AB, a extree 
miles of the chords EU, ov, in, at right angles u Ab, will deſcrili% 1 4 : 

"the diameters * . arg equal to "yy chords > He Plate T. 


1 * * * 
F; * x 
> As, * 7 * 4 


8 « 


— di fant Jrom wer, are called er circlts./ . 


| e of the great circle of which;s1 D 75 the diameter. <F 


— * 7 
1 


— 


-- 
— 


* 


* 1 


1 ==; 87 n ERes 5 
* . 5 145 | 
+ PHF ot of : a Kick on the bers as thoſe x points on its fur 
f equally. diſtant from the circumference of that gircle, - - 
Wm. 4 and n are the poles of the circles ORs on 55 Hun, by the 
ends of the chords Ep, rs in. Plate A 


bi 0 or BE 


1 A N Cb of the ſphere, is that circle which 3 is equally 


— diftantfromy both its poles. + 


- Thus the circle deſeribed by the extremities *, 1 f the diameter ED, at 


_ right 3 to a, Keing TI FOR: its 50 s A and * is called a 
"om cirele. 


A 


Ln -Citerhs of the ſpl re or all en are e thoſe heles 
which are unequally diſtant from both their poles. 


Thas the circles of which FG, Hi, are diameters, having their poles A and B 


| 8-4 M 
7 6 * 7 


8. PARALLEL Cinthze of the ſphere, tre take cincles. the planes of 
which are conſidered as parallel tothe; plane of ſome great circle. 
Thus the circles having the diameters FG, Hl, are called parallel circles i in 


£ 8 


9. A SPHERIC Ancrz i is the | inclination of two great. circles of the . 
ſphere meeting one another. 1 ; 


10. A SpHERIC 8 8 3 Ra ont the ſurface of a 
22 by the n mutual interſections of three great circles. 1 


2 „ „% „* Py EY — — y IM KK 7 . © 


11. The ringen ben Padre riox of the ſphere; is fuch a re- 


preſentation of its circles, upon the mow of one of. them paſſing through 
the center, and called 555 * : 2 


W 1 i * . . N 1 4 
* 45 * „ e 1 * A VA os . N Fi: 4 


12. The The ics of 125 wb is | calle the ProgrerING Petur, or 3 
pole : : and the point n oppolite i is called the remoteſt, or op- 
Polite, or upper. 
_ Aloo, the projection of 2 any p oint. on the ſphere, is that. point in the 
1225 of projection, through” which the viſual 0 paſſes to the eye. 


Ad PenTive Gnas: is. that great circle, on the plane of 
wh the repreſentations | of all * 1 cireles ate ſuppoſed t to be drawn. 


14. An Once Crean is one which. has i its + plas oblique 0 the 


. ; * * b Wo 3 0 > 
D 7e. 70 i . 5 OS. #23 WAYS 3.4 of | * 1 < «3g W47% 


Woot 24s | — * 3 WY 
. F 5 
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15. A Rigur 7 2 is that wh | *, to che 9 of 
he primitive circle, and if it be a great ae its plane paſſes through the 


eyes and it is ſeen edge wiſe ; conſequently. it is eee by: 2 ſtraight 


| Vine cava through the center af the nn circle. 
4 N : s | EP AXIOMS 


« ® . 1 8 
Book IV. 


A X b O' M48. 


16. The diameter of ever 
| ſphere; but the diameters 
center: Alſo the center of the NOD 8 the common center of all its 


| great circles, | 


15 Every ſection of Is by N paſſing thirdugh is cireum- 
1 Fa. is a.cipcle2 16 02 | 


1 


N 


ira 


Wy, 


Is * * 4 


8 


e paſſes throu 


do not 


4 


4+ 1 5 X . i i wp 4. 
3 $4.4 


18. 4 ſphere is divlded into two 3 parts by the plans. « every iert 


1 


Jer 


TY 


th the center of the 
through the ſame 


F 4 
0 


(43: =; 


* 


rag and into two une du parts by the plane of 1 ſmall ann 


0 


20. . 


** , 2343 


114 4a . 


5 The pole of every great circle is at 90 degrees, diſtance from i it on 8 
: if abe of the ſphere: And no two e circles can have a common 


175i 235 Tyr? Vo: 


nn 


0 


* 
8 * 2 125 Sh 7% 5 _ *: 2. 
13 214 01 21 4. vb + 


tes of a great circle are the pes nts Jo of 


"OA: 6? 


” 


— 1 
. * a 1 
5 1 at F N 1 * 


: 


AS"; 


+ 
©” S 


BS 3 


chat di dia iameter, or 


eee ſphere, which i is meu to. the plane of that circle. 


21. Lines flowing to the es 
8 Ser point in the eircumfetence 


convex! ſurface of a Cone. — 
22. A plane paſſing through three, pgints on the Carface of a RE 


ets diſtant from the pole 
plane of that circle) 


ie 


dux en, 


A: 
£2 1285 J Ks 8 
” 


Ihe + 45 


fo 


* 


ME! 


"dnt, or place of the eye, Won 
a circle hog it res. Ton. Log 


* 


of a great crete, wal * Fa to thre 


8 


The ſnorteſt diſtance between two pa on the ſurface of a ſphere 
arc er a great circle paſſing through thoſe points. | 


24. If one great circle mebt anothet, the angles on either de de üpple- 
ments to one another; and every ſpheric angle is is lets than 180 degrees. 


& ſcherie angle is Selhed y an are bf a (feat eirele intercepted 
| reel the legs of that angle 90 Joprocs diſtant from the angular point. 


46. If two circles interſect one another, the oppoſite angles are equal. 
852 * 5 


8 *- 


65 2 * 8 * 


2 27. Two ſpheric triangles are congruous, if two ſides and their con- 
tained angle in one, are equal to?two; fides and their contained angle in 


the other, each to each: Or if two 


angles and the contained fide in the 


one, are equal to two angles and their contained ſide in the other, each 
to each: Or if the three W in the one are 8 cn 90 d the 
tree ſides in the: other. | 


284 ' 


28. All parallel circles h 


„ 


13 


24 


: : j 


7 Go hy 


. 1 


es the fine pda, er may In conceived 


concentric- bog the great cede, which they are N to. 


J 8 - 7 
1 * 
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SECT T1 ON 


"Jo 


© 8d: All math (chroles: on the hore, having: the hw nal are cut into 5 
705 ares * ny 1 5 circles paſſing ad that pole, 
18 1 * * 


: 


An, and z, 4, the poles. of En Feat rindi 


5 1 777 5 SHB RAGS dere 


- SEC O N u. 


0 2585 22 80 119163 2 6h . NN WY 1 985 9 

571 2 i Gi are 5 0 Hons 's * 11; : 
| 24. 8 0 Koh 35 FavT 03 303-31 F-16 N . 
3 "PRO 8 Eon 


=o & Great + cireles of a fobere mutuall ly cut, one another: into twa, equal port 


Dau. Any two great circles have the ſame common center... 75 (16) 
And their planes interſect in a right line. | (1 « 209) 

| Now the center muſt lie in the line of their interſectionn 
Therefbre this right line is a diameter common to doch eiii 


But every circle is biſected by its diameter. 2 1 08 
Therefote the eireles mutual y biſect one another; En e 
. 2243919 238939 0 ee 
31. Cann. I. The circumferences of any two circles W one 
another twice, m e. the angles at both Wer — EE. = 
1 1 Siet! Fr 18 N. N 10 £5 Fr Nt i 7* DO | 


Fol the labs of chete eireles Kode the fans ine lination at boch ends of 
heir interſection, or hers the circymferences . 
[925 ITS; St. 40 TIRHERSG. gIH1Dq* ig If „ ot 25 1 75 
32. Const II. Two great eircles ef the ſphere will cut ch. other 
twice at the diſtance of 180 degrees, or in rg aca of the ſphere. 


120 & 49.97 l 91 70 PR o . h area Saag f 


* 


Eid 94 1 215353 2 80 28 231 1 6 it $52; 


7 "The diflance of the poles of two great t 10 equal. to e ferme 
8 the circumferences of thoſe circles. Plate J. 


Dems. Let at >” Cid, be tg great circles wh e ir planes 

__ - paſſing var; its center Sx let 7 3, be the 1. 1 the circle 
hen is the arg bie N toys hos fig vid 63 e 

2 the ON, ca 2 See d the arcs VI and cc . 0 an 


2 the; ats: A meaſuring duet rn ion g of they circles, is 
-* "qe to-the arc ae meaſuring the diſtance c i the. Poles. 16 (II. 48.) 


Comod. I. Two great 3 are at right angles. to one > another 
E they pafs through each other's poles. _ 

10 | Tx Vit san. * ! 278203 9 2 Pein 1 5 

3 Con. II. T he pole of great circle i 18. 90 3 Aidan am 

©" an another e or iu an arc IE ity grave -perpepdicula 


"to the former circle. Ju $195 43H ee Ov. -. 


Pp $ 
715 — - 7 ti, 2 0%: Sp i oF 4 * 


* 36. — UI. Wo or more great circles, at giebt N to an- 
* great circle, interſect one another go? diſtant from it, or in | the 


oma Wd Bl 2 


"_ 


2 . W Regret due like of arcs 1 a cixeles.;. 


BR ee P8619 115519 9b. ee 
#7 7. 'CoroL.' IV. If ſeveral great circles interſe& one- qocher i in the 
eg another great ei es 3 "EY are er arena Ka perpendicular to 
2 ee An | 
Tf Nac 


A 


— 


Wale ty; SPHERICS. 4 
* oem 


- — - 


# 


| tro 2 e . hr 


4 


gures. | 1 


ot ACEDB repreſent A We cut 15 a piane I * ins through the 


\ renter 1, at right angles to the diameter EH, drawn from E, the place of 
the e 


'EFBL, its poles being H and E. 


Suppoſe AGB is a circle on the ſphere to be projected, its pole, moſt 


remote from the eye, being P: And the viſual rays from the circle and 


meeting in E, form the cone AGB (21) of which the triangle AEB is a 


ſection through the vertex x, and diameter of the baſe AB. (II. 204) 


Then will the 2 agbf, which | is the ee of the circle BGA, be, 
Aa circle: 


* 


| DEMONSTRATION: Since tlie rab is meaſured by 3 2 are Ac + (2 Z arc 


ED=) are CE, 5 oo ks 137) 
And the Z EBA is meaſured by & L arc Ac Þ+ 2 2 arc CE: | (II. 128) 
Therefore the angle EBA =angle tab. ee e 


And fo the triangles EAB, Ea Are ſimilar, the LE being common. 


Therefore ab cuts the ſides EX and EB of the cone, in a ſubcontrar al poſi- 


tion to AB ; and conſequently the ſection 470g is a circle. 


213) 


Now ſuppoſe the plane Rs to revolye. on the line cp, till it coincide 


with the plane of the circle ACEB ; 
Then it is evident, that the point L will fall in H, the point F in E, 


and the circle DL will coincide with the circle CEDH, which now be- 
comes the primitive circle, where the point F, or E, is the projecting, 


Point: Alſo the projected circle afbg will become the circle aNbKk, 


39. "Conot. I. Hence the middle of the projected diet js the CEN», 


ter of the projected circle, whether it be a great circle or a ſmall one. 


40. Cokot. II. Hence in all circles parallel to the plane of projection, 
thelr centers and poles will fall i in the center of the projection. 75 


41. Conor. III. The centers and poles of circles, inclined to the 
| be of projection, fall in that diameter of the primitive circle which is 


at right angles to the diameter drawn through the e point; ur 
A different diſtances from its center. 


42. Coroi. IV. All oblique great circles cutthe pririitiye circle i in 


— 


—y 


. 
And let the ſection of the ſphere ( 17) by the plane ns, | Ye the circle 


„„ SPHERICS: bel lv. 


\ 


— 


1 * . . PROP. WW. 


The meaſure of the angle which the projefied i Gameter of any circle fab. 


tend at the eye, is equal td the diflance of that circle from its pole, which is 
not remote from the projecting Point, taten on the furface of the ſphere, 


And that N is bi fected a a line * the . * * me 


Let the SITY nant G hat Myrt in \ the laft 


And let Arc be any oblique great circle, the en of which ac is 
projeted into ac; and Ko any ſmall circle parallel to ABC, the diameter. 

of which KL is projected into I.. : 
The diftances of thoſe circles from the pole P, being the arcs any, 


Ene, and the angles Fc, #x), are angles at the eye ſubtended by their 


pr jected diameters ac, Il. 
Then | is the angle arc meaſured dy the arc Any, the angle kzl is mea- 


| fared by the arc Kr; and thoſe angles are biſected my EP, 


Du. For arc PHA=arc PT; and are ... 6 5) 
And the Z AEC is meaſured: by Z arc APCZarc PHA, ' (II. 128) 
Alſo the £KEL is meaſured by & arc KPL=arc PHR. (II. 128) 


| Therefore the angles AEC, XET, are n meaſured by the arcs 


PHA, PHK. 
And it is eyident thoſe angles are bileted by the line Er. 


44. Conol. I. Hence as the line xp projects the pole v in p; ; ſo the 
fame line refers a projected pole to its NY. on the ſphere, f in the circum- 


ferense of the primitive circle, 


45 Conor. II. Hence, on the TRE of 1 primitive circle, may be 


e the repreſentation of any circle whoſe diſtance from its pole, 


and the projected place of that pole, are given. 
For r and PC are projected into pa and #3 3 and the dindclien of ac 


gives ths center of the circle ſought. 


we 


46. Corop HI. Hence every vrojetted FP gp — da cuts the 
primitive circle in an angle equal to the inclination of the plans of. that 


_ oblique circle to the plane of projection. 


For ra is equivalent to FA the-inclination. - 75 
Ry: Andre meaſures the angle na, ſince FH, =" are. each 905 le 


. Conor. IV. The diſtance between the e proje&ions of a great circle. 
ſta nee on the yoo. 


and any of its parallels is equivalent to their 
"Thus the ene ak i is NW to . 


S PHERICS. _ 
PROP, v. 


5 point of. 1 obere Rrereographicalh projefed,. is d iftant from i; center 
e 


"i projection, by the tangent of half the arg mtercepted between that point ad 
the pol oppoſite to the cate . The r of the | cate being made radius, 
Plate . | 


Let chER be a tet circle of the hens, the center of Shieh | is c, GH the 

plane of projection cutting the diameter of the ſphere in , B; E, c, the 
poles of the ſection by that plane; and à the projection of A. . 
hen i is ca, equal to the oy of half the arc AC. 


| Dun. Draw CF, a tangent to the arc cg arc CA, „ and j join r. 

Now the triangles: cc, eas, are congruous : For cc=ce, L. CA kh, 
right ., cer cka (II. 128): Therefore ca=cF. 

Oonlequently ca is equal t to the tangent of half the arc A. 


49 „ PADE Nb | 
"The tingle ; made by the interſection of the circumferences of two circles in the 


* plaxe, is equal to the angle made by tangents to thoſe circles in the point 


of ſeclion; and alſo is equal to the angle made TH their radii drawn to that 
* 3 late 1 


Let cs, ep, be two ares of circles in the ame plane cutting in the 
= C3. AC, BC, their radii; cc, Fc, tangents at the point c. | 
en is the curve-lined angle ECD== AOC g LACB. 


Dun. Since the radii ac, Bc, are at right angles to their ene GC, FC 
III. 126); and are alſo at right angles to the arcs ce, cp. (II. 136) 

| Therefore the poſition of the tangents and arcs at the ren c are the 
"ame; and conſequently the . ECD Sg E GCe. 

Alſo the Z acs+ 4 BCG=(right4 =) Cr Rc. 

Therefore the angle Ac is equal to the angle FCG, by taking away the 


common angle BCG. (II. 48. 1 


eg LECDZGCF=LACB. 5 


805 Scenorzon.. If the arcs CF, ey, were in kifferent planes, the 


Show would hold true with regard to their tangents. . . 
For ſuppoſe the circle cp to revolve on the dec radius BC, ſtill cutting 
the circle ce in c: Then the tangent cr revolying with it, has {till the 


ume inclination to Bc: And as the inclination of the planes of the Circles | 


vary, ſo much will the inclination of the tangents vary. 
herefore the an * made by the tangents, in all poſitions of the eir- 
Halar planes, i is the ame as the angle made by their cireumferences. 


5 1. Conor. 8 if a plane touches a ſphere, at the point where two 
_ Circles of it interſect one another, the tangents to both circles will lie in 
_ that plane; and conſequently, in all oblique poſitions, a right line per- 
8 to one tangent will cut the other * . 


| . 52. PROP. | 


M RE; RI C5, Bople IV. 
. p R O P. vil. "ET 


The angle which any tive circles make, when flereographically 8 Fr 
* to the angle which thoſe circles make on t he ſphere. Plate Kot 


A* 4% «AL 


' Suppoſe DAEL a ſphere to be projefted on the plane SBRCF, and api 
a great circle paſſing through the projecting point E. Let LBA be any 
other circle, cutting the former in L and A, under the angle BAE, which 
will be repreſented by the cirele sR, (38) as the oircle LDA is by: the 
right line sc (15). The angle BAE is equal to the angle Ro. 
From the point A draw Ab, Ar, to touch the circles n 1 and 
meet the plane of projection in c and ; alſo draw RF and , Which wilt 
be in that plane; and, in the plane of che pence n W draw AD = 
rallel to sc, and join ED.” 45 
Du. The angular point a is projefted into R * 62) conſequently Ac 
is projected into Re, and Ar into Rr. And ſince sc is the common 
ſection of the plane of projection with that of the great circle ELDA 
(II. 210) the lines Ac, 8c, AD, ED, Ak, lie all in the plane of that circle : 
Alſo becauſe AD is; parallel to sc, the L ARC= 4 DAEZADE= ARAC 
(II. 94, 104, 132] conſequently Ac=Rc (IL. 104). Now the plane 
paſting through ac and AF touches the ſphere i in A, (51) it is therefore 
perpendicular to the plane of the circle AED; and Fits common ſection 
with the plane of projection, is atzight angles to that plane (II. 210) ; 
FC is therefore at right angles both to the lines Ac and CR (II. 205): 
Hence, the triangles Acr, Ref, being right angled at c, having the {ide 
rc common, and ACZCR, are congruous (II. gg), and the £.CAF= 
ckr. Conſequently the ZEABZZ£FAC (51) = £FRC. Now it is 
manifeſt that as AF touches the baſe, ABL, of the cone EABL, in the 
point A, a plane paſſing through Ar and At will touch the ſide of the 
cone in the line AB; but AF is alſo in that plane (II. 198); therefore 
A touches the cone in the line AE; and as An lies alſo in the plane 
_ of the circle 8BR, it muſt touch that casle allo A e ( 50} 
ae r menen, . 5 


4 1 - > 


35 e vat. ee 


The diflance between the poles of the primitive irdle and. an oblique er 
circle, in flereagraphic projections, is equal io the tangent of * If the inclina- 
tion of thaſe cireles 5, and the diftance of thein centers is.vqual. 1 tlie tangen! 

of their. inclination: f Tow 4 Rao EY the ue arm vircle' being made 
radius. % Plate L. . BREE + Es $32! als 3 as * Nee! 0 + ; 


— 


Let Ac be 15 50 of a | circle, the poles 12 5 which arg 1 P. and, & 
and inclined to the plane of projection in the angle AIF.. 
And let a, c. h be the projections of the points a, c p. 1 
Alſo let HE be the projected oblique circle, the center of Ebieh h is 
Now wien the plane of . becomes the F cikele⸗ hg: Bots 
„of Which se 15 4 * 
Ihen is 1 Stangent of half Pr or r of half the arc ry. 
And 1q=tangent of AF, or of the Sina r, „ 
DEM. For aH+HP=AH+ AFT. Therefore HPASAF, . ES yin? e AIR 
But yp=langent of half * wand JF OE EHGTAY OS: 3 


1 | wh . Again, : 


#2 
7 


o 


of the projected circle, and of its repreſentative HR. (45) 
Draw =p produceditom: Then as/ga=9qr3 the Zgra=2 gar, (II. 104) 
But che L gap! is: meaſured by half the are EFA. l. 137) 


Therefore the arc Ahr arc AFE (II. 50): And as the arc re 
Th Mere (I PYr=SAEFSZHP; and HPr=twice the arc AF. 


TREK ore (II. 127) the ZIEq=AIF, the inclination of the einen. 
But 1 is Is Feile of the Z.1x9, EI being the radius. 


- $4-COROL«; Hence the radius of an oblique circle i is equal. to the 
| ſecant of the obliquity of that circle to the primitive, 


For Eq is the ſecant of the 1 11. to the boomed EI. 


It through any given point in the primitins N n circle be deſerib- 


$-#hen the centers of all other oblique errcles paſſing through that point, will 
be.in a right line drawn through the center of the-firſt oblique circle at right 
angler to a line paſſing through the given point, and the center of the primitive. 
"Tet GACE be the primitive circle, ADET a great circle deſcribed through 
'D,.its center being B. 

Hk is a right, ſine drawn Wend By | perpendicular to a right line cl 
Facts through D, and the center of the primitive circle. 


: E NE n che centers of all other great ares FDG paſſing throu zh D will 


in hs line HK, 5 


«3 not 


Dem. For if E be the projeding ne the ek EDAI will ba the 
- 'pr6j@ ion of a circle, the diameter of which is NM. IRS] 
Therefore p and 1 are the projections of N, M, which are oppolite 

bois on the ſphere ; or of points at a ſemicirele's diſtance, 


Therefore all-circ]es paſſing through D and I muſt be the projections of | 


Fear circles on the ſpherce. 
But DI is a chord i in every ditcle pts through the points 8 
 Conſequent! y the centers of all thoſe circles will be found in HE drawn 
bee e By the middle of B. ö . 125) 


56. < PROP. X. 


Si Egudl urts 52 any too great circles of the PIER, will be intercepted be- . 


155. two ot her circles drawn on the e N the ng . of thaſe 
preat circles. Plate I. 


Let BEA be a Where d oa which AGB, CFD, are two great circles; the 
remoteſt poles, of which are E, y; and through theſe poles let the great 


circle BEC, and ſmall circle yx, he drawn, inte rſecting the great circles 
AGB, CFD, in the points B, G, and p, F. 


1 hen are the intercepted arcs g and DF equal to one 6: another; 
Dim. 4 yo the arcs ED g. DB=arcs PB+DB; therefore ENB. 


And che arcs kr Kregarcs PG--FG (19) ; therefore EF PG. 
Por*he points y and d ate equilly diſtant from their poles y, E. 


Allo the EDEFSBPG; kor interſecting circles make equal angles at the 


ſections. 


ROS (37) 
T herefore the triangles EF and von are congruous. (27) 
Therefore the are g Sarg br. 3 
„„ CL AE ro K 3 57..PROPF, 
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Again. As Ac is projected in. ac, then , the middle of ac, is the center | 
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57. : . 


if s be drawn from the projefted pole of ay great 5:99 a "g the 
pop beries of the prajecled circle: and plane' of 1 TEST Ht wer e re ares 
thoſe circumferences are equal. Plate J. 


On the plane of projection, AGB, let the great ids CFD be "TY 


jected into cf, and its pole y in p; morevyer, draw the lines pa, tf: | 
the arcs GB and fd are equal. | | 


Since pd lies both in the plane yy and APBE it is their core ſec- 
tion. | | { II. 198) 

But the point is in their common {eQion 1 s „ 59) | 

Therefore pd paſſes through the point B. 


And in this manner it may be proved that 7 raſſee through Os... 


Now the points p and F are projected into d and 4 wn oh 33) | 
Therefore the arc fd is equivalent to the arc Fv, i oy 
But the arc FD is equal to the are 2 AO TAE (56) 
Therefore the arc G8 is equivalent to the arc 7 0. dn. 46. * 
38. PROP. XII. 1 


The radius of any ſmall circle, the plane of which is perpendicular to that 
ef the primitive circle, #5 equal ta the tangent of. that leſſer circle's diſtance 


From its pole; and the ſecant of a diſtance, is Eb to the a: Manet of the 
centers of the primitive and lt fer circle, Plate I. 4 


Let » be the pole, and AB the diameter of 2 13 Ne. be plane 
being perpendicular to the plane of the primitive circle, the center of 
which is c: Then d being the center of the projected leſſer circle, da is 
equal to the tangent of the arc PA, and de=ſecant of PA. ut, 


Dem. Draw the diameter ED parallel to AB, and through P deve 05. Now 


E being the projecting point, the diameter AB is 5 in ab. + 22) 
And d, the middle of ab, is the center of a citcle on ab. 


Then a right line drawn from D wrath A, will meet bo © (i: 1300 
And draw CA, da. | 


But Z DAT Z Dea; and Abtes Ha vie: 15 5 Safes ch 127) 

Therefore Z DSA . Ade. eee 

Now] 4.DCa+ 4 acd=2 right ang! De. ee ta 

Then £adc+ 4 AcD=a ” angle : Thereſpte Arnet is and (ar; 96) 

Conſequently dA radius of the circle AB, is the tangent of the arc PA, 
to the radius CA. (II. 126 


| Bu ac, the diſtance of the centers, is the ſecatit of the arc AP. SIN * 


59. Corot., Hence the tangent and ſecant of any arc of the primitive 
circle, belongs alſo to an equal arc of any Wa circle; thoſe args _ 
ing reckoned from their interſection. 

4 For the arc pe of every oblique Stele intercepted between PP and the 
arc of the ſmall circle Aa, is equivalent to the arc yA of the rmtive 
circle; Becauſe the arc At is equally, diſtant from i ts pole v () 


N 9 SECTION 


ek IV. SPHERICS. 


Wo "SECTION I. 


735. 


Spherical Geometry. 


Spberic Geometry, or ſpheric projection, is the art of deſcribing, 
or repreſenting, ſuch circles or arcs of circles as are uſually drawn 
upon a ſphere on the plane of any one of them ; and of meaſuring 
- ſuch arcs, and their poſitions to one another, when projected. 


Gs. X PROBLEM L 


To deſcribe a great circle that ſhall paſs through two given points in the 


primitive circle, ar plane of projection. 


Let the given points be A, B; and c the center of the prim. circde. 


primitive circle, 


Els 1. When one point, Ay is the center of the 
Cons. A diameter drawn through the given 
points A, B, will be the great circle required. (15) 


Cask 2. When one point, A, is in the circum- 


ference of the primitive circle. 


 Consr. Through A draw a diameter an. 


Then an oblique circle deſcribed through the 
three points A, B, D (II. 72) will be the great circle 
So Ct: (42) 


561. CASE 3. When neither point is at the center 


required. 


- 


or circumference of the primitive circle. VE 


Cons r. Through one point A, and the center 


©, draw AG, and draw en at right angles to AG. 


7 


y; and by E and F gives C, in Ac continued. 


cutting the primitive circle in R and 1. 
Then the oblique circle HBA will be the gre: 
For AG may be taken as the projection 


ruler by x and A gives B; by p and o gives 


* 


- Through the three points o, B, A, deſcribe: a circumference (II. 72) 


t cirele required, 


the great circle FD. ( a 


erefore A and d are the projections of oppoſite points on the ſphere. (32 
-., Conſequently all circles paſſing through G and Az Will be the repres. 


Jentatives of great circles on the ſphere. , 


* \ a 
* * ; * 
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9 oe, : N- N _ * Fez; 
2 wh r 2 — ited -Þ AM Canoe 


n 


"FF 


4 n He. Dock Lx. 


1 f PROBLEM It, 


About any given Point as a pol, to 45 yfribe, a great Head f ins given Pri- 
mitive circle. | | 


Let v be che given point, 5 1 the center of the primitive circle. 


* ASE. I. When the given pole, r, is in the enter 


| . the primitive circle. 135 
Cover. The primitive circle vil be the e great | 
_ circle required, | . ts) . 


Cas 2. When the given 1 po P is in the. cfrewne; 
frees of the primitive circle. Reid cs 

— Consr. T brough the given pole , draw vr 

diameter to the primitive circle. 

Then another diam. AB, drawn at righs angles 

to PE, will be the great circle required. (20,15) 


63. Cast 3. When the given pole v is neither in 
the center or circumference of the primitive ci rele, 


| 1 5 Through > draw a diameter ba, and another BE at a angles 
to bd; then a roler by E and Þ gives pe 


. Make the arc go; a ruler by E an A gives 
_ in the diameter bd. 

| Then acircle deſcribed through the three Py. . 

( B, 4, E, is iy he great circle required. £ 


Or thus: Make the are op arc pn; a dale on 
_ 1 and p gives o in db produced. 5 
Then on 0 with the radius ca deſcribe bak. RR 


5 F. or, As x is the ling acid and v the projected ole 1 
„„ Therefore þ is the pole of the circle Ar to be gs - (44) 
And Bat is the projection of the circle ar. (38) 
Now L cak is meaſured by half the are Ales 9 9 8 (a. 5) 
But arc Asp are AdE: For been) ax; xl and $9248 by con- 
„ ſtruction. | 
Therefore LAECE Z caE; und cc. dp pr 85 e (ll. 104) 
Eee is the < center a F 


„ & 42 
z g 1 42 $ - 


64. PRO- 


1 SPHERIOS, bas 
6 PROB LEM III. 


if projet circle Lan given; to fu its. poles, 4 


* . 


"Char 1 1. When the given circle AER is the pri- 
mitive. | Q 


X \ 


Cary, Find the center e, (11 70) and it is A | 1 
eee „ 


= 


cl 2. When the given drcl ACB is a right 
cel. Tb 
eier. 9 a diameter ED at ticht angles 


to AB, and the ends or points, D, E, of that dia- ee 
meter are Ws * required, | 


65. Car: 3: When the given circle ABE Is oblique. ke 


\ Consr, Through the "interſedtions of the 8. 
mitive and oblique circles. draw a diameter g, FÞY_ +: 
and another at right angles to AF, cutting, the — W 

iven oblique circle in 3. * Ih 
A ruler by E and B; gives ö; make by; 575 each 
gan arc of go.. 

A ruler by E and p gives, in the diameter through B, the point P, which 
is the pole required. 

And a ruler by k and 9 gives, in cn continued, the point N bor the 
other, or oppoſite or exterior pole. 

Make pD=p4 ; then a ruler by E and D gives, in BC continued, the 

int F, which is the center of the oblique circle apr, 

The Waben of has operation is evident from that of the laft Problem. 


66 PROBLEM. IV. 


- 


About any given projefted pole, fo . a circle at a given diflance from 


bat pole. 
1 at a propeſed d diſtance from. a given great ci rele, 1⸗ deferibe a Omg 


| fired . 


Let Þ be the given pole, 3 to the given great - DFE. 
GENERAL SOLUTION. Through the given pole p, and e the center 
of the primitive circle, draw a diameter, and another DE at right angles 
| fo it. 4 
A ruler on E and v gives 5 in the primitive clecls: 5 
Make pA and px, each equal to the propoſed diſtance Gm 42 2 
x high on E and A and then on E and B, will cut the diameter CP in 
a an % 13 „ 


Biſect ah in c; and on c as a center deſcribe. a . paſſing through a 


89d by rok wil de the circle * 


But 


T 


5 is projected in ab. (12) 
| the projected circle. 2 (39) 


a tangent of their diſtance from v, the pole of the right 
df a {mall circle parallel to the right circle DFB, 


+ 
* 
"i 


But when the parallel cixcleis to be at a propoſed 
viſtance from the given great circle pr, 


Find p as et of Ne make pA =pB, equal to 


the complement of the * 1 2 z the __ oY 
as before. | 


For p is the pole, tlie debe of which is r. 
(44) 
But þ is the pole of a circle, the diameter of which 
Therefore c, the middle of ab, is the center of 
67. The firſt caſe is readily done, by deſcribing the 
ſmall circle about the center of the primitive circle 
with the tangent of half its diſtance from the pole 7. 
68. The ſecond caſe is ſooneſt performed thus: | 


From the points A, B, (found as above) with "is 


circle, deſcribe ares cutting in e, which is the center 


For * che tangent of the are ar. . of (58) 
. PROBLEM v. 0 
Dye primitive ts efecds; aka the man a mall cnt being given; 2 
os , of that K circle. 7 fo . 
— A 15 
AN 
OY 
4. . 


Let c be the center of the de alas, and ABD a projected ſmal! 
eircle, the center of which is c, and radius ch. 
Generar SoLuTION. Through e the center of the ſmall circle, and 


e the center of the primitive, draw a diameter CF, and N CE, at 
right angles to it. 


Find the projected diameter Bb=2cs. 


Lines drawn from E througn B and 25 cut the gbr cirde i in a, 45 
then diſect the are ad in p. 


A ruler by E and p cuts the diameter 84 in P, the pole ſought. 
Tue truth of this conftrucion is evident by that of the Jaſt Prob. 
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57 A Micaſure-any erc of a projetted e . Or, in a given Projected 
He circle, to take an arc of a given number 4. degrees. \ 
* General SorUTION. Find the pole of the given eirele. (64) 
From that pole draw lines through the ends of the propofed are, es- 
the primitive circle. 
. e intercepted. are of the primitive citcle applied. to the ſcale of 
So ds will give the meaſure ſought. 
Thus, if An be the arc to be meaſured, and r the pole of the given Y 
circle DAFT. 
hen lines drawn 8 P through A and B, give the arc 45 i in the pri- 
mitive circle, carreſponding to AB in the a giv Circle. 
Now if an arc of a given number of degrees was 
to be taken from a given Rat Ax in the given pro- 2 1 
oe circle DAF.. ' | 8 
Draw, from the pole Þ P, through A, the line Pa | 
to the primitive circle. , 
Apply the given number of degrees from @ to b, 
Draw vi, and the intercepted arc AB will con- 
| tain the degrees propoſed. 
71. Any number of degrees is readily applied to 
A 1 ht circle by the ſcale of half-tangents. Thus 
hen the diſtance of the point A from the cen- 
ber e i known, and the given quantity of the are 
is to be laid from A toward F; 

To the known diſtance CA add the propoſed arc 
AB, the de rees in the ſum taken from the ſcale of 
alt-tangents; and laid from c to B, will make the 

re AB equal to the degrees propoſed. 
But nen the ate AB is to be be laid from A to- 
| ward p; 5 
Then the Ange beter as arcs AB and 
Ae taken from the ſcale of half- taugents and laid 
toward d from c to B, will make the are AB equal 
to the degrees propoſed. 
© The reaſon of all theſe operations is evident 
from ark oy." + 1 
Nate, The balk. or ſetti-tangents, are vnly/ the tangents of half the | f 
afcs the ſcale of tangents is made to; their conſtruction depends on art. 48. \ ; 
On Do 33 ſcale they are put under the Tangents, and marked s 8. T. 
„ es PROBLEM VI. 5 
5 19 0 meaſure any projected ſpherical angle. 
| EEO SoLUT1ON. Find the poles of the two circles which form 
_ the angle (64);\ and from the angular point draw lines through e 
poles to cut the primitive circle. 
Then meaſure of that angle, if acute, will be the Les pt d arc 
ol the primitive gircle ; or the Eprlement of that arc wil beche pitreſure 
of the angle when obtuſe, 
Let the pfopoſed angle DAB, formed by . great circles AB, By, ihe 
"poles of which are c and »; and lines drawn from the angular Coin Ay 
ct poles o and Py cut the primitive circle in E and p. RED 
X * N 4 n 
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FE e 


the primitive 8 eincunftfchee * Jer N. 8 bo an 
Then the arc px meaſures che ale DAB 2 en 59467 
Za. When the angle is formed Ty. right '3 and oblique cifcles' 'meeting 
- ii the primitive circle; © t e e | 
Then the arc pk meaſures the acute angle DAB. * $3 Mm” 85 


But the obtuſe angle DAF is meaſured by the fopplenicht 5 ji i . 
Ach. When the angle i is formed by two' . circles — within. 


the primitive circle IPG oe it: 
Then the acute angle DAB is W ech by the are „ 
But the ſupplement of PR Weaſutes the obtuſe angle DAF. 10 2% * * 
0 None 


For as the angular point we is in both circles, and. 99? Kittant from 


cheir poles e and r (19). Therefore a great Eigels deſeribed.. about 1A 
as a pole, will paſs through the poles.c as Po; 57 „un n 


And lines drawn from A through c and x, cut off, in the „ 
of the plane of projection, an arc egual, to the Gitance. of the. poles © 


* 25 ods of la 4570 
* t the meaſure of the diſtance of, we ales 0 1 i equal, „the in- 
lixfation of the planes of the circles AD, AB; . - 133) 


And conſequently meaſures the angle a8, N 5 


i 


7 RAin. a mo 


den a given point in any proj ſelted great circle, 10 deſeribs . 
great circle at-right angles to the given one. 3 Ene 200 9801 3: 


GENERAL SOLUTION. | Find the pole of the 
given circle. _ (06) Es Fe 
Then a great circle Jefatibed through- that pole 47 be; . 
"i the given rant: uill ha at rig angles #9, the 0 „ 
given circle. r aß een tori T4bitv ws "23s VIS e enn. 
Let the given projected, great circle be. Pq | 
and A the given point,” „ 1 
Iſt. ben Bap is the primitive circle the pole | 
of which'is r. 5 g n bad: ot 
A diameter through'> will'b e IE bs 
BAD. II. 5 
" 2d. When BAB is di'right crc, ig: Poles! of © 
tubieh art Þ; and .. ee nde 23 120 7 ator 9 2 
An oblique circle deſcribed through the points 


Oo Ay Py (II. 72) mil be at es ns bas. arte to BAYS, 9/245 eee 
5 ae 3 bus 9 918 ih 34, When 


: 2 
1 7 1 | S its: + £7} 1 q ** 9 c a %#* 2 4 * . 
p . 0 ö - * „ . 9 42 4 2 4443 N + £ 4 1 TT 1 - ot 9 1 Th | , Tf? 4 


circle yrz. 8 | 
| "Then will the angle APF contain the given de e Es 


Bosk IV. SPHERIGCS 

gd. When BAD is an oblique Larter the Pate *. 
55 n 5 

Through the points 2 and a, a great cole” q 4 SR. 

Ac being deſeribed (61), will be at right, angles . „ > 

4 to BAD» 17 = N 50 — 2 © 

| go he. oy of theſe operations. is evident from 


75 . P K 0 B . K. „ e „ 


- Thebugh any * er point in a given projected great 8095 to ſerit an- 
other great circle er it ons Jer m an 2 of a given number of de- 
TO | | 


Lyons 432 - Lat p be a given point in any great circle Ark. 


n inen APB is the primitive circle. = 
Through the given point P draw a diameter 

pk, and draw the diameter AB at right angles to 

PE, oe] 

Draw pp cutting AB in p, fo that the angle A 

EPD be equal to the angle propoſed. PERS 
On p with che radius Dy deſcride the great 


grees. „„ „ 8 
For the . made by the radii PC, PD. 5 (49) 
* D being equally diſtant from v a 125 is che. center ſought. 

75. Or thus 20 Make CD | equal to the tangent of the siven angle to 
as radius c. ; 
Or, Make yp equal to the ſecant of that at angle. 


EO 2d. When APB ig '@ right circle. 
raw a diameter GH at right angles to ApB. 
Then a ruler. by « G and P gives a in the bmi 
tive circle... 

Make Ab aA A ruler by « 0 and b gives c in 
Aa 

Draw ob at right angles to AB. 

raw PD Cutting CD in p, ſo that the's ere | 

complement” of the degrees given. (HII. 84 7 | 

On n with the radius p deſcribe a circle woke. which will be. a great 
circle, TOO with APB the hey: Arr, as ede | 

* 9 25 neee 91 TT $ F 

= 7 Cc: 12 the center of: a great eule oem, by the demonſtration to 
art. „„ 1 0 ue 

And the 18 of all great circles through Py will be me! [5 55 

Now DESY. et (H. 1300 

Therefore LAPF or Lurz (26), the compl. of er, is ; the jy daun: b 


4 it 1 *. 
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is to be deſcribed to cut a given great circle-BDc, 
the pole of which is p, in an angle equal to a pro- 


as a pole, deſcribe a great circle r. (062) 


mando are the poles of nc and av. 


Book IV, 


th za. When avs is an oblique circle. '+ os 
rom the given point P, draw the lines PG, Po, - TX ID 
through the centers of the ptimitive and given ob- 
lique circles, and through o the center of APE draw 
CD at right angles to pc. (.̃ I. 59) 
Draw vp, making the L cD ggiven bo oy 
and cutting CD in D. ; r | 
"From p with the radius pr, a circle FE being B 


> deſcribed, will be a great circle cutting APs in the angle propoſed, 


+ For c, the center of App, is in a line perpendicular to ro, drawn 


chrough r and the center of the primitive, by conſtruction. 


And the centers of all great circles through v will be in cp. 0 55) 
Now the Coro made by the radii Po, n, contains the given degrees. 
Therefore the angle Apr is equal to the angle required. (49) 


7. % 


78. 3 PR OB L E N 5 1 9 : 


Through any point in the plane of projettion, or primitive cirele, to de- 
ſeribe à great circle that all cut a given great circle in any angle propoſed : 
Provided the meaſure of that propeſed angle is not leſs than the d 72 
tween the given point and cirt e. 


- 


: . 


* . 
*. 4 


Let the given point be A, through which a circle 


poled number ?? ein phy - 
\GENERAL-SOLUTION. About the given point a, 


About p, the pole of the given circle Bpc, de- 
ſcribe a ſmall circle at a diſtance equal ta the given 
angle, cutting the great eirele gar ino (66) 


About the point o, as à pole (62,) deſcribe a great circle cutting the 
given circle e in 9. Then will Apc be the angle required. af 


Note, When the given angle is equal to the diſtance between the given 


point and cirele, ,- the problem is limited to one anſwer only: When the 
meaſure of the angle is greater, the pröblem has two ſolutions by the circle 


deſcribed cutting the given one in two pbints: But when tune meaſure of 


_ the angle is leſs, the problem is impoſſible, This conſtruction is thus 


a 
8 


proved. 


N 9 2 * 1 i > 


tance be- 


And 


*.4 OR 15 1 l Err my . 8 Sad rf „ FSI ot as. * 
” n 8 E r r SE, Lg 8 - 


San gle, deſcribe an are; and from the given point A, with the ſecant of 
5 given angle, cut the former arc. 
On this interſection, a circle being deſcribed through the given point 


N * we o — 8 2 . e. > 2 N 
f 4a , + 3 5 U * N — . 
TAI 4.5 oh — p 3h g 4 ON 8 * * P „ «+, © 
Cerebus 4 1 ß Eo I dei at nes on n N XA. 
« . * "2 " P . 1 FP * bd 


cular to ok; and 11 at right angles to 10, cutting PL in 1. 
| And L will be the center of a circle paſſing n. H, £ k, Which 


Book-IV- 


2. > PROBLEM xl. 


(ſuppoſe 58"); and. from r, with the ſecant of that. 


E6 parallel to Anc, cutting the arc og in G. 


n 0, cutting ADC in 1; and draw GI. 


SPHERICS. 143 
And the diſtance of+y and © is equal to the degrees in * propoſed 


An by conſtruction. But 4 Abc diſtance of F and 6, + (3 3 ) 
he 15 


refore the Abe is the angle required. 


75 When the required circle 1 7s ta nale a given a with the benen 


Then, from the center of the primitive, with the tang. of the given 


A, will cut the primitive circle in che * * 
This depends © on art. 75. 


* 


An er 1 cutting the primitive, being given, to deſcribe another 


great circle, which ſhall cut the given one in a propoſed angle, and have « j ; 


given arc intercepted between the primitive and given circles. 


Let anc be the primitive circle, the center of which is 2; and the 


given great circle be ADC, the center of which is E. 

SoLuTION. Draw a diameter EBD at right an- © 
gles to Abc; and make the angle BDF equal te 
4 complement of the en angle; ſuppoſe 3 


omplement of 35. 
"Make DF equal to the tangent of the given arc 


arc, deſcribe an arc Gg. 

New when ADC is an oblique eitel; from R 
the center of ADC, with the radius EF, cut the 
arc g in G, _ 

But when Abe is aright circle ; through F draw 


From , with the tangent pr, deſcribe an arc, 
Through d and the center » draw ok, cutting 


the primitive circle in u, k; draw PL perpendi- 


will be the great circle required. VIS 
Then the Zain=35*; and arc n= 58, as was propoſed. 


For or is the ſecant, and c1 is the tang, of the arc xr. 400) 
And as the triangles EGI, EFD, are congruous; the A EIO = EEx. 
(IE. 101) 


But.the 4 1e made by the tangent of the arc Hr and the radius of 
the are Al, is the complement of the angle made by thoſe arcs. (49) 

| Conſequently the Z alu is the complement of the C EDT. 

The center of the right circle. ac being ſuppoſed at an infinite di- 
tance, thereforę ny circle FG deſcribed from that center, will be pa- 
rallel to ac. i | 

45 10 When 


"I 
{4 
3 
is 
* 
k 
3 
f 
R 
Ly 
4 
1 
1 4 
o * 
Ly 
I 


— 


„ nne ew. 


: When the given arc is more than ode, the tangent and ſecant of its 
ſupplement is to be applied on the line DF the contrary way, or toward 
the right; the former conſtruction being reckoned to the left; | 


V 


Ay great cirele in the plane of projection being given; to deſcribe another 

great circle, which ſpall make given angles with the primitive and given 

pics oy 5 „ een 
WH 


Let the given great cirtle be Abc, and its pole q& 


SoLUTION. About p, the pole of the primitive 
circle, deſcribe an arc nn, at the diſtance of as 
many degrees as are in the angle which the re- 
quired cirele is to make with the primitive: Sup- 
„ „„  O2) 

About G, the pole of the other given circle, 
and at a diſtance equal to the meaſure of the angle 
which the required circle is to make with the given 
circle apc (ſuppoſe 48*), deſcribe an are on, cut- 
, ting mn in u. (66) 


About 3 pole, deſcribe the great circle 


EDF, cutting the pen eircles in E and D. ($2) , 
Then is the angle AED =62?; and ADE=48?. - 


\ 
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= | For the diſtance of the poles of any two great 
d | circles,.is equal to the angie which "thoſe circles 
= ; make with one another. e 


| 1 REMARK, The 11th Problem, which is particularly uſeful in con- 
= : ſtructing a ſpherical triangle, in which are given two angles and a file 
| | = oppoſite is one of them, includes only two caſes of a more general Pro- 


blem, viz. 


Ld . * 4 - SBA « - * 


ö | Any two great circles being given in poſition; to deſeribe a third; which 
| 7 hall cut one of thoſe given in an angle propoſed; and have-a given arc inter- 
ol eee n /, ne IEEE SO gr REG TI 
= Alſo the 12th Nroblem, uſed when the three angles are given, con- 
| _ tains only two cats of another Problem; vin... 


- r . 4 9 7 3 % ; ooo ( 
: TPW Ws . . * a . 5 On 5 
E . 5 


=: Ai two great . circles being given in poſition; to deſeribe a thitd which 
= Dauall cut the given circles in given angles, 


i At 1 ; 5 
The ſolution of theſe two general Problems not being wanted in any 
| | part of this work; it was not thought neceſſary here to annex them; 


Z 5 more having been already delivered in the preceding pages than it is uſual 
| to meet with on this ſubject. However, their ſolution is recommended 
as exerciſes to ſpeculative learnee s. 


SECTION 
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SECTION VV. 
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5 Spberit Teigonometry. 85 


e Derixir tons. 
1 1 
82. SPHERIC TRIGoNOMETRY | is the art of computing the me fare es 
of the ſides and angles of ſuch triangles as are formed on the ſurface of 
a ſphere, by * N interſections of three great circles erde 
thereon. 1 N 


„ „ n 
+ 
q 
i. 


83. A Senerrc T RIANGLE conſiſts of three hides and three angles. 


The meaſures of unknown fides or angles of ſpheric triangles are eſti- 
mated by the relations between the fines, or the tangents, or the ſecants, 
of the ſides or angles known, and of thoſe that are unknown, 


84. A Rricur Axor ED SpHeRIC TRIANGLE has one right angle: | 
The ſides about the right angle are called Legs, and the hide vppoſice to 
17 right angle is called the H ypothenuſe. 


7 N 8 2 . FIT 8 CE Bs, n 
J)... ⅛ðWÜö¹.³¹i˙¹⁶ ü do oa Eee 


85. A QuanranTAL SPHERIC TRIANGLE has one fide equal to 
: ninety -, doe \ 


= 86. An OpLigue SyneRIC TRIANGLE has all its angles oblique, 


\ 


37. The CTR cULAR Pak rs of a triangle, are che arcs which e 
| its hides and angles, | | 


eo +88, Two Ferie triangles are ſaid to be ſupplements to one another, 
when the ſides and angles of the one are reſpective ſupplements of: 
angles and ſides of the other: And one, in via to the othe * is call. 
the not triangle. | 


8 J 1 T 


89. Two arcs or angles, when compared ee are ſaid to be ike, 
or of the ſame kind, when both are acute, or leſs than go?, or when beck 
are obtule, or greater than 90: But when one is greater and the other 
Jeſs than-go?, they are ſaid to be unlike, 


>The leſſer cireles of the ſphere do not enter into Trigonometrical com- 


puttions, becauſe of the 1 of their radii. 
* n de als tt 8 


* „ n 


Vo. I. e 8 SECTION 


Dx. Since e make AE= Ap; and draw. 


For the triangles AEC, ADB, are congruous, 


Alſo, the triangles e enn e een: ( 7 DB 


e 


5 Spherical 2 foal 


go. 2 THEOREM I. 


In every ſtheric 7 19 ABC, equal angles, B © are * fo equal 
ſides, ac, AB: And equal fides, AB, AC, are oppoſi 1 fo equal angles, Cy B. 


A 


BD, CE. | 
Then is BD=CE; and CARS ADB. A 27) 


Since ABZAC; ADZAE; (A common. 
Therefore /_EBC= /_DCB. 


For Ec=B0D; EB={AB—AE=) Dc (=AC—AD). © (IT. 48) 
And 2. BEC= £4 CDB, they being the ſuppl. of equal angles ARC, ADB. 


Again, if ZABCZZ ACB: Then is ABZAC, 
For take BE=CD; and deſcribe the arcs CE, BD. | 
Then is xc DR, Z BEC=Z cDB; SEE LCD. 90327) 


For A * BEEZACBDz ſince Bc is common, BED, CEC Cc. 


And 2 ARCS (cos. 3 L ADB 3 8 Ein Ur 8) 


Therefore AE AD; and AB = (AE+EB=) ac (ADT pc). (II. 37) 
1 CoRot. A line drawn from the vertex of an iſoſceles ſpheric tri- 


angle, to the middle of the baſe, is perpendicular to the baſ. 
This is eaſily proved from article 90, 27. 


92.  TWEORE M1. | 
Either fide of a ſoberic triangle is leſs than the ſum of the other two * des, 


0 Dem. For on the ſurface of the ſphere, the ſhorteſt diſtance between two 


bee is an arc of a great circle paſſing through thoſe: points. (23) 


t each fide of a ſpheric triangle is an arc of a great circle. (10) 


Therefore either ſide being the ſhorteſt diſtance between its extremi- 
ties, is leſs than the ſum of the other two ſides, 


THEOREM II. | Ck 
"Bach fide of a ſpheric triangle is leſs than a ſemicircle, or 180 1 


DE. Two great circles interſect each other twice at the diſtance . w 


. degrees. .. 

The ſides abqut any ſpheric angle are arcs of two yards circles, ( 
But a ſpherie triangle has three ſides. 5 
Therefore every two fides before their ſecond meeting muſt be inter- 


' ſected by the third fide. * 


Conſequenty each ſide ĩs leſs "Is a ſemicircle. 


N * 
0 c 


5 The mark At lands for the word . 
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. Du. Make Z. BAS Z ABC. 


| Therefore BC is greater than Ac. 


Dem. The interſection E of the arcs about the 


* 7 * py 
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© Book Iv. SPHERICS, 147 
94. © THEOREM iv. 


In every ſpheric triangle, _ the greatef fide, BC, 7s Pp te the greateſt 


angle, A. 


Then App (90); and Bc=ap+Dpc. 
But Ap pc is greater than Ac. (92) 


95. THEOREM v. 


from the three angles of a ſpheric triangle, ABC, as Los bt diferibed | 
three arcs of great circles, forming another ſpheric triangle, EDF ; then will 


the ſides of the latter, and the oppoſite angles of the former, be the ſupplements 
of one another: Alſo the angles in the latter, and their oppoſite ſides in the 


former, are the ſupplements of one another. 


That is, FE and Z cAB, FD and / ABC, DE 
and Z acz, are ſupplements to one another. 
Alf Lx and Ac, Ip and cn, Cr and AB, are 
the ſupplements to one another. 


poles A and c, being go? diſtant from them, is 

the pole of the arc Ac. T9) 

And for the ſame reaſon, Þ is the pole of Ch, 
and F of AB. | 

Let the ſides of the triangle anc be produced to meet the ſides of the 
triangle DEF in G and H, I and L, M and N. 

Then F1 = DL = 9oꝰ: Therefore (PL + FI = DL + FL +; LI =) 
DF + LI = 1809, (l. 47) 

Therefore DF and LI are ſupplements to one another. 

But Li meaſures the angle arc, | (9) 

Therefore Z ABC and DF are the ſupplements to one another, 

And in the ſame manner it may be demonſtrated, that the . BAc and 
FE, Z.ACB and DE, are the ſupplements of one another, 


Again, ſince sI AH go degrees; OR 19) 
©>-*Pherefore (In T AHT HT ABZ) H+AB=180 degrees. 
But in meaſures the angle r; (0) 


Therefore As and Lx are the ſupplements of one another. 
And the fame may be ſhewn of Ac and E. R, cs and 4D, 


N — — 


ru EORE M VI. 


The Fm of the three ſides of every 810 triangle, ABC, is 4455 than a Cite 


cumference, or 360 degrees. 


| De, Continue the Hoes AC, AB, till they meet 1 
in D. 79 * 
Then the arcs AcD, ABD, are each 1809, (32) 
But Dc+D08 is greater than 8c. (92) 20 A 


Therefore Act AB TDS + DB is greater than 


Ac ABT BC. 


Or che ſemicircles Ach + ABD is greater than Ac ABT 8c. 
e is, 3600 is Steater than the three ſides of the N ABC. 


L2 27. THE O- 


1 mi. 


97. | THEOREM VI. 
The ſum the three angles of a ſpheric triangle, ABC, is greater than tio 


Tight angles, and leſs than 1 ix ; or will always fall between 180 and 549 
uegrees. 


Dru. Since Z A and FE, . B ad FD, £C and 
DE, are ſupplements to one another; (95) 
Therefore the three angles a, B, c, together with 
de three ſides FE, FD, DE, make thrice 1805 „or 5409. 
Now the ſum of the three ſides FE+FD + DE, is 
leſs thay twice 18. (96) U 
Therefore the ſur of the three angles A+B+C. * N 
Is greater than 180%. ho 
Again, as a ſpheric angle is always leſs than 180? ; ; 4124) 
Ihberefore the ſum of any three ſpheric. angles is ever leſs than thricc 
380®, or 540 degrees. 12 8 


Cf THEO-RA»M VII 


If one fide, AB, of a ſpheric triangle, Ahe, be produced, then the ere 
angle, CBD, 1s either equal to, 4%, or greater than the inward oppoſite angle 
A, adjacent to that ſide; according as the fum of the other two fides, CA Þ+ CB, 


s equal to, greater, or 25 than 180 degrees. 


DEM. Produce Ac, AB, to meet in D, 


Then are AcD=arc. ABD =180", (32) © 
Ad EDEZECA. 1 

Now if Ac cn is equal to 180%; then C” 
And £cBp={(4D=) AA. « (90). 


If ac+cs is greater than 180; then cs is 
greater than CD, 


And Any is leſs than (Db) L. A. | "- (94) 
If ac+cs is leſs than 180%; then cs is leſs than CD. 9 91) 
And 4 CBD is s greater than (Ap EA. | 

a9. ; ; T HE OR E D M IX. 


In right angled ſpheric triangles, the oblique angles and their b te ſides 


are of the ſame kind: That is, if a leg is yy or e than * 5 its 270 He 
angle is alſe leſs or greater than o. | 


In the right angled {pheric triangle ABC, right | 
angled at A. | 

Ir AC is greater than 90* z then 4 ABC is omar | 
than 90. 

If ac is leſs than 90% then L aBc is leſs than 90?.. 
Du. Let the leg AC be lefs, Ap equal, Ac 
1 than 90?, and deſcribe the arc Ds. 
| Now v being the pole of AB ( 37). Therefore | 
pa is right. 

Conſequently if Ac is leſs than AD, the £CBA is leſs than Z DBA. 

But if Ac is greater than Ap, the ZA is greater than DBA. 

And the ſame may be Oe of the * AB aud its oppoſite angle. 


: 7 9 as Ws * 
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8 THEOREM X. 
In right angled ſpheric triangles, ac, the hypothenuſe, Bc, 15 If tha a 


905 when the legs, AB, AC, are of a like kind: But the bypathenue 5 


greater than 90”, when the legs are of different kinds, 


iſt. When the legs AB, Ac, are both leſs than go?. 
DEM. In BA, ac, produced, take Bp, Ar, equal to IT 
quadrants ; through F and p deſcribe an arc FD - * N 
meeting, BC, produced in k. | 15 
Now e Fbeing the pole of BD (10). T hetefore B 
is the pole of En. 
Conſequently nc is leſs than (BE=) 90%. 


2d. When the legs AB, AC, are both e 
than 90. | 
Produce Ac, AB, till they meet in b. 333 
Now the hypothenuſe cs is common to both the . 
7 right angled triangles BAC and BD. | 
And the legs De, DB, being both leſs than oe. 
Therefore the hypothenuſe Bc is leſs than go" 5 
by the firſt cafe of this Theorem. 
Za. When the legs AB, AC, are one greater, the 7 X% 
ther leſs than 900. | F 
In AB, and ac produced, take BD, AF, each of | 
go" „and deſcribe the arc FED. 2 
Then Bis the pole of FD ; and ſince p is the pole 
of BA, and FD is at ri ght angles to BD. | There- 
990. 370 
Conſequently Be is greater than 9o degrees. 


101. Conor. I. The bypothenuſe is leſs or greater than 905 accord- 


ing as the oblique angles are of a like or different kinds. 
For if legs are like or unlike, the angles are like or unlike. (99) 


And if legs are like or unlike, the hypoth. is acute or obtuſe, (100) 
Therefore if the angles are like, the hypothenuſe is acute, or Jeſs than 


9055 but if unlike, the hypothenuſe is obtuſe, or greater than 909. 


102. Conor. II. The legs and their adjacent angles are like or un- 
like, as the hypothenuſe is leſs or greater than 99 degrees. 

For like legs or like angles, make the hypothenuſe acute (by 1ſt and 
2d of 100), 


And unlike legs or unlike angles, 1 maks the hypotonic obtuſe (by 


3d of 100 and by 101). 


„1083. Conor. III. A ley TY its oppoſite ial are both acute or both _ 


g e as the hypothenuſe and other leg are like or unlike. 
This is evident from the three caſes of this Theorem. 


log. Conor. IV. Either angle is acute or obtuſe, as the hypothenuſe 
and the other an le are like or unlike. 


This follows from caſe Iſt and 2d of this Theorem. 
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- CBA, are angles adjacent to the baſe AB within 


plements cf each other, and are therefore unlike, 


_ -© Conſequently the perpendicular cn cannot fall 


_—— 
= 


150.  SPHERICS. Bock Iv. 


105 THEOREM XI. 1 7 
In every ſpheric triangle, ac, if the angles adjacent to either fide, AB, be 


| alike, then a perpendicular, CD, drawn to that fide from the ather angle, will 


fall within the triangle: But the perperdicular p falls without the triangle, 


when the angles adjacent to the fide AB it falls on are unlike. - 
DEemonsT. Since in all right angled triangles, 


_ the perpendicular and its oppoſite angle are of the 
. ſame kind, e ; (99) 
Therefore the Es CAD, cBD, are each like cp. 
Now in Fig. 1. the angles cap, cBD, or CAB, 


the triangle, and are therefore alike. 3 
Therefore the perpendicular falling between 4 

and B, falls within the triangle. "2 
In Fig. 2. the angles cap and cas are the ſup- 


as CA falls obliquely on a3. 
Therefore Z AB is unlike to Z BA. 


between A and B: Therefore it muſt fall without. 
10% = I HE O REM XII 

If the two leſſer ſides, CA, CB, of a ſpheric triangle, A Be, are of the ſame 
kind; then an arc, co, amr From their included angle, Ack, perpendicular 


to the oppoſite ſide, AB, till fall within the triangle, 4 I 


DemonsT. In AB take Ar Ac; draw CF 
and AH at right angles to CF. 1 
Then ch Hr (91) are each leſs than gov. (93) 

Alſo take BE=BC; draw CE and E at right 

angles to CE, | . 

Then c g (91) are each leſs than 90“. (93) 


EE” 
Now in the right angled triangles FHA, EGB; if the hypothenuſe Ar 
(Ac), and BE (Sch, are acute, or like FH and EG; 25 
Then the angles Arn and BEG are acute, and like Ac and gc; (103) 
Therefore the perpendicular cp falls on Er, within the triangle. (105) 
Alſo if the hypothenuſes AF and Bt are obtuſe, or unlike to FH and GE; 
Then the angles AH and BEG are obtuſe, and alſo like ca and oB. (103) 


Conſequently the perpendicular will fall on EF. 5) 
Therefore in either caſe the perpendicular falls within the triangle. 
107. 58 0 THEOREM XIII. | 


In all right angled ſpheric triangles, = he LOO TEN, 3 
As fine hypoth. : Rad:: fine of a leg: ſine of its oppoſite angle. 


108. And fine a leg: Rad. : : tan, other leg: tan, of its oppoſite angle. PI. I. 


DemonsT. Let EDAFG repreſent the eighth part of a ſphere, where 
the quadrantal planes EDFG, EDBC, are both perpendicular to we qua- 
drantal plane Apr; and the quadrantal plane ADGC is perpendicular to 
the quadrantal plane EDF: and the ſpheric triangle ABc is right angled 
at B, where CA is the hypothenute, and BA, Bc, are the legs. 5 
To the arcs GF, CB, draw the tangents HF, os, and the fines GM, ci, 


on the radii Dy, DB; alſo draw BL, the ſine of the arc AB, and CK, the 


fine of Ac; then join Ik and 0L, 
Now 


* 3 3 . r 


— 


DEM. 


W. 


Now HF, OB, GM, C1, are all bed to A plane ADEFB, 
And HD, CK, ot, lie all in the ſame plane Apdc. 
- Alfo FD, Ik, BL, lie all in the ſame plane ADFB. 


Therefore the right angled triangles HFD, cik, you having the equal 
an les HDF, ckI, OLB, (II. 199) are e | *.- (1269) 


herefore ck : 0-7 ; f TS. ON 
That is, As ſin. hyp. : Rad. :: fin! of a New : ſin. opp. angle. 
For cM is the fine of the arc GF, which meaſures the angle CAB, 9) 
Alſo, As „ FH. 
That is, As ſin. of a leg.: Rad.: : tan. of other leg: tan. opp. angle. 


109 | „ REM XIV. 

In right angled ſpheric triangles, anc, if about the oblique angles, A, c, 
as 'poles, at 908 diſtance, there be deſcribed arcs, DR, FE, cutting one another 
in'E 3 and the ſides AB, AC, BC, of the triangle be td oduced to cut thoſe arcs 
n D; G,F; H,1; there qwill be conſtituted twa other triangles, CGH, Hit, 
the parts of which are either equal to, or are the comproments of, the parts 
of the given triangle, apc. Pl. I. 

Ditkconsr. Now ſince A is the pole 1 ED NY Therefore AD, AG, 


are at right angles to ED; and ſo is ED to AD. © | (37) | 
And ſince B1 and DE are at right angles to AD, their interſection n is 
the pole of ap (36). e en HB, HD are quadrants W ( 35) 
Then in the triangle con, right gy at G. 


co =complement of Ac. 2 5 
Hog comp. Z. A; For He is the comp. of GD, which mea, 4 A. 09) 
HC the hypoth. is the comp. of . 
The ZHS CAS. | (26) 
The cho comp. AB: For BD, the comp. of AB, meaſures Z chO. 


„ Alſo in the triangle EIn, right angled at 1: Becauſe cr, cr, are at 

- right angles to ET; and zr, £6; being alſo at right angles to AF ; therefore 
is the pole of Ar; (36) conſequently EF and Eo are quadrants. (35) 
Then the bypoth. EH=4A; For IG. of En . on; and 


'GD meaſures the angle A. 
'HI=cCB; for He comp. of - a1 and * oF 
*EI=comp. c; For EIS gcomp. of 1x, Which meaſures Lc. 
Te £H=comp. AB; For np, the comp. of as, meaſures 4 H. 
The £LE=ZAC;3 For or, the meaſure of 4E, is equal to CAC. 

110. | THEOREM XV. | 
In every ſpheric triangle, it will be, 

the fine of either angle, is to the font of its oppoſite f 7 as 5 

Jois the ſine of another angle, to the fine of it's oppuſite fo de. 

Let ABC. be a ſphieric triangle, Ann 
perpendicular to at produced; forming the two 


right a x! oy triangles ADB, CDB, 
Pin ow fin. AB: rad. : : ſin; BD: ſin. bfr 


And fin. BC: rad.:: fin. BD: fin. Ec. . 
Therefore ſih. AB x fin. Z a=rad. X ſin. B. (II. 162) 
And fin, Bc * ſin. L. c trad. x fin, BD. * (II. 162) 
oi "There fin; AB x ſin. 2 BC nt en. | 4 5 
exo fore ſin. 4 ſin BC: : fin, ; fin, A8. I 
DART ET 14 p SECTION 


— * 
— — 


— Woh * — * 2 
ä is —— — 2 16 — 


1 


RO > 


 Jought. 


| Noe , do-not fall under either Rule; 


„ Ei Es. dor. 
3 "AKA vi. 
Of * the. $ Solution of 1 rig bt angled use Triangles. 


Tne every caſe of right — ſpheric triangles, three things | beſide the 
radius ahr the e LA of-which two are Siven, and the third is 


Now the 3 of a will be ne by che application of 


the two following rules to Theorem XIII. and XIV. (197, 108, 109.) 


111. RuLE I. If of the three things coneerned, or their complements, 
two are oppoſite to one another, and the third is oppoſite to the right 


angle, in one of the triangles marked 1, 2, 3, in the fig. to Theo. XIV. 


Pl. I. Then che thing ſought will be found 2 het nuke geg kl ( 707 


ciner directly, or By inverſion. NN nay hh 


We 


112. RuLE II. If of the three Gabe \coneerned, or e comple- 
ments, two are ſides, | and the third is an oblique angie, in either of the 
three triangles marked 1, 2, 3, in fig. to Theo, XIV. Pl. I. Then the 
thing ſought will be found by the ſecond proportion, (108) either, Gee h, 


or by inverſion. ib e dS a8 e %) d. 0 


N ROSES ene ol 
= the right angled ſpheric triangle Ac, Plate J. Theorem 2 XIV. 
iven the hypothenuſe AC 121-5 
and one of, the legs 45] Requifed the reſt: e nit 
Iſt. To find the angle Ao oppoſite the given PRIN 698083 > ot 
Here the things concerned are xc, BI ABI CN whictiare found i in 
the triangle, N* 1, to be oppoſite ; and fo fall under Rule I. 111) 
Then Hin. Ac: rad; :: fm. AB in (CCE (Tap) 
Or ſin. hyp- : rad. : fin- g.- leg : ſins op. L Like the g. gs (99) 
2d, To find the angle CAB adjacent to the given leg a. 
Here the things concerned are AC, , A, 2A. 
Now ttying in the triangle, Ne Ks I find the things... concerned, will 


fall under neither oſ the Rules. 49.794 e ee eee 307 
But trying in the triangle, N? 2, the . f concerned, or their cm- 
plements, fall under Nel. 1 —— 12 
Then fin. HG : rad, : : tan. Gc: tan n es 


Or co- ſ. ABR rad: Corte Ac: cot. A3. 


Or co-ſ./ AB; cort. AC (rad. ; co-t. AB): + MEN AB: : rad. Fl 36 
1 rad. : co- t. hyp tan. g. leg. : Fo- ſ. adj. angle. (II. 145 


inlike the given leg; ; as the hyp, is is acute or obtuſe. N (458 2 ) | 
ED 0 findvvbe other leg BC. © 
lere 


e things concerned are AC B K AB, "BO; which i in che iel 
je ; Burk in Ne 2 = wy wk be found 5 


fl under the firſt Rule. 111) 
Then ſin. ns : rad. : : fin, C: fin. CH. N) 
152 co-ſ. CB ; rad. : : co- ſ. Ac: co- ſ. B. : 


- And] js Fut, if Wr and rendes; are like 3 but obtuſe, if unlike. (ro3) 


Therefore co-l. g. leg, AB, : rad. ::::co-f. hyp. Ac, : elle req. wy 
: 114. P 


- — 


nie.. ws 


1 PROBLEM 1 


In the right angled ſpheric triangle KBE. Pl. I. Theorem XIV. Wo 


Given the hypothenuſe Ac 
And one of the oblique angles A | Required.che reſt, | 


1ſt. To find the leg CB oppoſite to the giuen angle. M 
In the triangle, Ns 1. chte things concerned fall unden Rule 4 70 515 
Then rad, : fin. ac :.: in; CAB: an, e v8 (207) 
Or rad. : ſin. hyp» : {3 ſin, given angle fine: opp. „Ve . 
And is like the given angle, 1 6 (90) 
ad. To find the leg AB adjacent to the given a „ 


1 Of 


In the triangle, N? 2. the things concerned fall under Rule 1. (199 


Then fin. H: rad, : : tan. C: tan. end. 108) 
| Or co-f. BAG : a. Jt (e- t. Ke co-t. AB: :) tan. AB : tan. Ac. 
{6 I. 37) 
"Therefore me, tan. AC :: dert ZBAC : tan. 3. 

Or rad. : tan: hyp. : co- ſ. given angle: tan. adjacent leg. 
And is acute, if hyp. and given angle are alike 5 5 but obtuſe if unlike. (104) 


& To find the other angle ACB. TK 
n the triangle, Ne 2, the things concerned fall under Rule HI. 113) 
Then fin. c: rad. : : tan. GH. tan, EHC. ON (122) 
r co-ſ. AC: rad. ; * co-t. CBA: tan, BCA: :) co-t. Z BCA. ; tan. 
en ON „ I. 37) 
Therefore rad, : tan, Z Bac: : co, AC : co-t. 4Bca, (Il. 145) 

Or rad. : co-f. hyp. : tan, given angle: co-t. req, angle. 

And'i is acute, if byp. and given angle are alike z but obtuſe, if unlike, 


mein 
In the right angled ſpheric triangle ke; Plate I. Tp XIV. 


Given one of the legs AB 
And its oppoſite angle a on e the ll. 


it. To find the hypothenuſe: e. 
An the triangles Ne the- pes conceiiacd fall det Rule l. 04 71 


Then ſin. Zach: ſm. AB:: trad.: fin. AR A it ae ro (£07) . 
Or ſim- given angle: fiv.. given leg : 7 rad, : ſin; Hype. bers 
And'is either acute or obtuſe. RE, | 

2d. To nd the other 17 FFV... $1. Tags 


In the triangle, Ne 1. the things 1 fall under Rule Il. ( 11527 
hben ſin. c: (rad.: :) tan. AB (: tan. AACB::C -t. 4 ACB; rad. (LL. 36) 
Or rad. : co-t. given age, tan, . in. 2 lege 
And i is either acute or obtuſe. 185 5 „ 
of To find the other angle, AB. Ge ‚ 
the triangle, N? 3. the things AC fall Fea Ok Rule L (111) 
Then ſin. EH ; rad: :: ſim . fin E: ö - (107) 
Or fin, BAC; rad, :: co-f. ZACB : co-ſ. AB. 
Or co-f. given leg: A given angle : : rad. ſin, required angle. 


is ei acute or obtuſe. 
Kis eier a 116. PR O- 


(104) 


9 
[ 
| 


—— a — — — 
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116. BROSIEM: Iv. 
In the right angled hace triangle ABC, Plate I. Theorem XIV. 


_ _ Given one of the le 
5 And its W N angle ane * en 15 ages 


xt. To find the aber ang A. N 
In the triangle Ne 3. the 99 — derne fall under Rule 1. 505 0 11) 
Then rad. : fin. EH :: fin. Z EHI: fin. EI. »{(167) 
r rad; : fin. BAC :: co-f, AB : co-f. Ach 
Therefore rad, : co-ſ. given leg : : fin, given PE" co-ſ. req. (IO 


| Andi is like the given ao 6s 3). 6 ee 1-4 (99) 
2d. T find the other leg nc. 
In the triangle, No 1. the tings concerned fall under Rule II. 622 
Then fin. aB : rad. : : tan. Bc : tan. CAB. (108) 
Or rad. : fin. AB: : tan. AB: fan. BC. 
Therefore rad. : fin. given leg: : tan. given angle : tan, req. : beg 
Aud! le given ee (99) 
| 4. To find the othenuſe T1771 KS 65, 
is the triangle, Ne 2, the 1 See fan Pe Rule u. (1112 
Then fin. GH : rad.: : tan. c: tan. Z HG. RY _ (108) 
: Orco-f. AB: rad. : co- t. Ac: co-t. AB. . 


Therefore rad. : co-ſ. given angle: : co- t. given leg: co- t. eee 5 
And is * if the N 5 171 Foes are ike ; but Poſs if unlike. 
(102) 


A , V1.4 CIC 


11. 5 PROBLEM. v. 


In the right angled ſpheric triangle 205 Plat I. Theorem XI V. 
Given both the begs AB, BC. 


_-, Required the I Son Ad 


— 3690 


; . 95 164 
” »% 


bs ” 


It, To find ther of the oblique angles, as A. 

In the triangle, Ne 1. the things concerned fall under Rule N. 11 12) 
Then, as fin. AB : rad, :: tan. sc: tan. ZB Ac. (108) 
Or rad.: fin, AB:: 9 hac: tan. BC: 5 co-t. BC: co-t. {BAC. 


— 1 a S ien 24577 "OWL. 37) 
E Fe d,: ik one leg :: co- t. oth, * co- t e 9a] e. 


| And is like its oppoſite leg. * GER | . * 


2d. 75 find the Nebel % Ac. n 
In the triangle, No 2. the things 3 fall under Ke 1. (11 11) 
Then, As rad. : fin. ac : : 5 ens; fin, co, io 
1 | Or rad. : co-f. 8c :: co-f, AB: co-ſ. ac. 
I "Thereforerad. : co-f,' one leg :: co-f. oth, leg: cos, hypothenuſe. 
Andi is N if the hy are e alike 3 but obtuſe, if e (ioo) 


N SEES b 


F ä 1 N e A * 6 e : . A 
. . 5 4 8 $ £4 * <: g > . - 2 ! q of 
- Ns an. Ya - 
| | e $ wiv. yt $; 4 _ 
5 e R O- 
8 * 1 9 
. 4 4 ö , 


Mt ; 8 
2 * 2 5 
k l 3 * . PE + 8 N 80 2 1 
W ©? 
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In the right angled ſpherical triangle anc, Plate I. Theorem XIV. 
Given both the angles Bac, BCA a 9 935 f 
Required the reſt. 


iſt.” To find either of the legs, as BG. 


— 


In the triangle, No 2 or 3, the things concerned fall under Rule I. (111) 
Then, rad. : fin. c:: fin. HCG: fin. HG. : 267) - 
CS Rad. :; co-C nc: : lin. ZACB :; co-f, 4 BAG 
Therefore ſine of one angle: rad. ; : co-f. oth. angle: co-ſ. oppoſite ſide, 
And is like its oppoſite angle. „ 1 e 
2d. To find the . r Ac. | 1 5 FF 5 
In the triangle, N' 2. the things concerned fall under Rule II. (112) 
Then, As lin. CG : rad. : : tan. GH : tan. CH CG. e 
Or c- Ac : (rad. ::) co- C L nac (: tan. H) : : co-t, nca:rad. 
Therefore rad. : co-t. one angle : : co-t. oth. angle: co-f. PO na ; 
And is acute, if the angles are like. HE IMS an (101) 
But obtuſe, if unlike. F 1 hes 
In theſe ſix Problems are contained ſixteen proportions, which are ap- 
plicable to the like number of caſes uſually given to right angled ſpheric 
triangles; and theſe proportions being collected and diſpoſed in a Table, | 
will readily ſhew, by inſpection, how any of the caſes are to be ſolved. £5 88 | 
The celebrated Lord NEPIER, the inventor of logarithms, contrived a 5 | | 
general rule, eaſy to be remembered, by which the ſolution of every caſe 
in right angled ſpheric triangles is readily obtained, where the Table of 
proportions is wanting; which rule is as follows. 3 


— once 


* a GENERAL RULE. CC dS nat. 
119. Radius multiplied by the fine of the middle part, is etther equal to the : 
redu#? of the tangents of extremes conjundt. | | 
Or to the product of the co-ſines of extremes disj unc. 1 
Ohſerving ever to uſe the complements of the hypath. and angles. 


Lord Nepier called the five parts of every right angled ſpheric triangle, 
- omitting the right angle, circular parts; which he thus diſtinguiſhed ; | 
the two legs, the complements of the two angles, and the complement of the _ 
bypathenuſe ; and any two of theſe circular parts being given, the others are 9 
to be found by this rule, as is ſhewn in what follows. . | 
Now, In all the proportions about right angled ſpheric triangles, there | 
are, beſides the radius, three things concerned; one of which may be 
called the middle term in reſpe& of the other two; and theſe two, in | 
relpect of the middle term, may be called extremes. - 
When the two extremes are joined to the middle, they are called ex- 
tremes conjun& : But when each of them is disjoined from the middle, by 
an intermediate term (not concerned), they are then called extremes diſ- 
junct; taking notice that the right angle does not disjoin the legs. | 
If the three parts under confideration do all join, the middle one of 
thoſe three is readily ſeen, and the other two are extremes conjunct. 
hut if only two of the three parts are joined, thoſe two are extremes 
disjunct, and the other term is the middle part. — = 1 
„ n | | | Theſe 


— 
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Theſe things duly obſerved, "the e of the Rule will 1 80 in the 
following examples. | 


ExAMrLE I. When the e and the angles are concerned. 


The hypoth. is the middle term, and the two hs are extremes con- 
junct; then: wry A ; 
Rad. x fin. hyp. tan. one angle x tan. other angle. 

But the comp. of the hypoth. and angles are always to be uſed. 
Therefore rad, x co-f. hyp. =co-t. one angle x co-t. other angle. 
Hence rad, : co-t. one angle : : co-t. other angle: co-ſ. 1 10 5 (II. 163) 
From whence are deduced the 6th and 1 Sch caſes. ET 


Exam, HI. Ihen the hypothenuſe and legs are bear _ deration. 


The hypothenuſe i is the middle term, and the two legs are extremes 

disjunRt, having the why pe between them and the hypothenuſe. _ 
Then by the rule. Rad. x fin, hyp. =co-f, one leg x co- ſ. other leg. 
But the complement of the hypothenuſe is to be uſed. 
Therefore rad. x co-f. hypoth. = co-f. one leg x co- ſ. other leg. | 
Hence rad. : co-f. one leg: : co- ſ. other leg: co-ſ. hypoth. I 263) 1 
From wherice are deduced the .3d and 13th caſes, 


Ec: E AM, III. The legs and an angle under conſi deration,” : 


- Here the be and its A p leg are extremes conjunct; and the 
other leg is the middle part. | 

And theſe being reſolved into a proportion 1 the rule, will produce 
the 8th, 11th, ard 14th caſes. * 


* 


ExAM. IV. The angles and a 3 under conſtleration. 


0 Here one angle i is the middle, and the other angle and leg at are extremes 
disjunct, the hypothenuſe and other leg intervening. . 

Now theſe being reſolved into a ee give the Ich, 12th, and 
16th caſes. 3 | | 


e* 


WR, Exils V. The hyphens a ty, « and the je ang between ahem, Hein 
under conſideration. | 


B33. £* 


Here the angle is the middle term, and the hypothenuſe and leg are A 
extremes conjunct. 


And theſe being reſolved into A a proportion wil | give the 2d, 4th, and 
10th caſes. | / 


Exam, VI. The iel, a tg, and its 2 angh being under 
ronfuleration. 


Here the leg is the middle term, and the pete and . are ex- 
8 the other leg and other angie falling between them and 
the middle 


And theſe being converted into a proportion from thence the 1ſt sth, 
and plas cafes are deduced, Prop , - 
SECTI ON 
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0% the Solution of oblique angled ſoheric 
Triangl * 


120. Al the caſes in ; oblique angled pherie trhngles, except where the 


chree ſides, or the three angles, are given, are moſt conveniently reſolved 


by drawing a perpendicular from one of the angles to its oppoſite ſide, 


continued if neceſſary; which perpendicular will either divide the given 


triangle into two right angled triangles, or make two that are right 4 


angled, by joining a right angled one to the given triangle, 
| Fn d drawing this perpendicular, obſerve, 


1ſt. It muſt be drawn from the end of a given fide, and oppofite to a 


given angle. 


ad. It muſt be fo drawn, "that two af the given things in the oblique 


triangle may remain known in one of the right-angled triangles, 
© 3d. This perpendicular is to be uſed as a known quantity; and being 
drawn as here directed, will either fall within or without the triangle, as 
the angles, next the ſide on which i it falls, are of the ſame or of ent 


Hie. ä Is | | (ros) 55 


oops LEM 1. 
In the ©" angled ſpheric triangle gc. 


Given two ſides, CA, CB * 
And the angle opp. to one, C CAB Requir. the reſt, A 


B | 
"x; To find the angle oppoſi fte to the other given a | 
: (£eea). A An 


As fin. Bc: ſin. LAB: : fin. Ac: fin. CBA (110) - D 


Or, As fin, one fide : fin. oppoſite angle: fo in. other fide: ſin. oppoſite angle, 
Which may be either acute or obtuſe, 


2d, To find the angle between the given ſides (LAB). 
Now rad, : tan. C CAB: : Co-f. AC : co-t. (AcD, call it) m. (3d 114) 
Or rad. : tan. given 2. : : co. ſ. adj. ſide: co-t. (of a fourth ) m. 
Aud is acute, if AC and L CAB are alike; but obtuſe, if unlike, 


But rad. : tan. co:: co-t. Ac: co- ſ. (ach g) m. 85 (2d X13} 


rad, : tan, CD : : co-t. CB : co-f. (BCD, call it) n. | 25 
Therefore co-t. ac: et es;; cb m c. . III. 155) 
Or cot. fide adj. given C: co-t. other fade : : co-ſ. m: co- ſ. u. | 
And is like the, fide oppeſite the given angle, if that angle is acute. 

But unlike that fide, if the given angle is obtuſe. 1 5 Ft 
VN um m and n, if | * falls with, 
| Then nba viz. Een Wis ene — All without. 
— — — — W 


* The mark L ſignifies the ren, 


ff 


Ty B FW D 


34. 2 


vix. CB. 
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d. To find t the other fide = 
ow rad. co-ſ. . CAB: : tan. Ac: tan. (AD, call it) M. el 114) 

Or rad. : co-ſ. given angle: : tan. adj. fide : tan. (M a fourth | 
Acute, if the angle and its adj. fide are alike ; but obtuſe, if unlike. 
But co-f. p: rad. : : co-f. Ac: co- ſ. (AD g) M. 

co-ſ. e: rad. : : co-ſ. CB : co- . (Ds call it) v. ( 2d 113) 
Therefore co-f. Ac: co-ſ. CB: :co-ſ. M, : co-f. N. I. 155) 
Or co-/. fide adj. given angle: co- ſ. other fide : copſ. M.: co. ſ. N. 
Like t e fide 251. the given angle, 1 hp that Me” be acute; 

obt 


A 741 
Then Lx is like BC _ ly, 


like Then z. den- makn ouly ; and ap=y 
And ifs BC is 1 unlike 4 12 EN 200 Y | 


122. PROBLEM I. 

In the oblique angled ſpheric aa ABC. 
Given two angles CAB, CBA Retired, | A 
And a ſide oppoſite one of them Ac | the reſt. 


iſt, To find the fide oppoſite the other given angle, 


Then, As fin. 4.cBa : fin. Ac: : fin, CAB ! fin. es. (110) | 


Or fin. one angle: fin. oppoſite fide : in. __ angle 4 in. wh He fide. 
Which may be either acute or obtuſe. 


2d. To find the fide included by the given Y Viz. AB. 


Now rad, : co-ſ. CAB: : tan. AC : tan. (AD, call it) mw, (III. 114) 
Or rad.: co- ſ. C adj. given 2 tan. the given ſide: tan. (of a frurth= )Mi, 
Like the angle adj. the ſide gruen, if that ſide is acute; but Se if obtuje. 

But rad, : tan, p:: co-t. CAB: fin. (AbZ) M. 

rad. : tan. p:: co- t. C np: fin, (Ds, call it) x. (2d 115 
Therefore co-t. Cc <co-t.4CBD : : fin. M: ſin. . (IL, 155) 
Or co-t. C adj. given fide : co- t. other angle: : fin. M: ſin. KK. 
Which may be either acute or obtuſe. 


, ſum of M and N, : the given angles are alike. 
OY Then the fide h ught hg: i diff. 7 NM and 8, 4 * given angles are mite. 


24. To find the ther angle, bis. 4 ACB.. 


Now rad, : tan.4.cap: : co-f, Ac: cost. (4 ac, call it m. tad x 1740 
Or rad: tan. L adj. fide given: : co ſ. of given ſide: co-t. ( A fourth m. 
| Like C. adj. ſide given, if that fide is acute; but unlike, if obtuſe, 

But co-f. : rad, : : co-ſ.4.CAB : fin, (L acd=)m. 

co-· . ep: rad, : : co-f. C ABC : fin, (Z BCD, call it) n. [ad 115) 
Therefore co. ſ. Ca; co- . ABC : ; fin. m. to ſin. n. A. 155 
Or co-/. L. adj. fide given: co-ſ. other angle: fo in. m : fins 1. 
* may be either acute or obtuſe, 

| — 4 5 7: Then 
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ſum of m and n, if the given angles are alike. 
Then A fought aner 14 Fr m and * given angles are unlike, 


But if Ac B, or to oc, or is between BC and 180? 2c. 
Then BC cannot be unlike its oppoſite angle. | 
cr can DB, or the Bes be obtuſe. 18 


128. PROBLEM. III. 
In the obli 7. angled ſpheric triangle Ac. 


Given two ſides Ac, AB 5 N 11 
Lud their contained angle ne ayes the reſt, I 


| iſt. 75 fond der of the other angles, as LAB . 


Ef As rad, : co-ſ. LA: tan. AC : tan. (AD, call it) m. | (24 114) 

Or rad. : co-ſ. given L. : : tan. fide o oppoſite C ſought tan. (of a 1 Me 

Like the fide oppoſite C. ſought; if the e given Lis acute; | 
But unlike that fide, if the given C is obtuſe. | 


Tate the diff. between AB) fide adj. E fought; and 0 AD= ) M3 an t N. 5 
Now rad. : co-t. :; fin. (Ag) M: co-t. 4 cap. (ist 117) 
Ws: rad. : co-t. CD : : fin. (DB=) N: co-t. /_ ABC. 
= Therefore. fin. N: fin» * . : co-t. C ABC: co-t. CAB. (II. 155) 
Ke tan. CAB; tan. BRK. (LIL. 37) 


"Or "wy N: : f in. M:: tan. given C: tan. C. ſought, _ 


— Like the groen angle, BAC, if M is leſs than AB, the ide ajacent the 
angle fought ; but unlike, if M i, Oe ind 


— — ͤ ——— — 


2d. To find the other Je CB. | 
e 3 co-ſ.. CAR: : tan. Ac: tan. (av, call it) 21. (2d 114) 
Or rad. : co-ſ. given L. : : tan. of either given fide : tan. (of a Harth =) Ma | 


_ * \Like the fide uſed in this proportion, if the given L is acute; 
But unlike that fide, if the angle is obtuſe. g 


Tale the difference between the other fide, aB, and (ab) Mz call it x. | 


— — 


Now rad..: co- ſ. CD : : co-ſ. (AD=) M: co-ſ. ac. (2d 117) 
rad. : co-ſ. p:: co-f. (on =. ) N : co-f, 8. 1 
f eco. M : co- ſ. N : : co-f. Ac : co- ſ. B. (n. 155) 


Or co-ſ. M: co-ſ. N:: co-f. 2 uſed in firſt proportion: co-f. Bae required. | | 
Sag * if. the etz 4 is e but unlike N, if that _ 15 ys | 


"I the wblique 3 dbere 6505 ABC. 1 65 Ch 


Given two angles Z CAB LACB 
And their included ſide ac t {Required the reſt, 


1ſt, To. nd either of the other ſides, as CB. | 
As rad. : c- AC : : tan. ZCAB : co-t. (Z ACD, call it) m. (3d 114) 
Or rad. : co- ſ given n ide: : tan. C oppoſite fide ſought: cot. (of a fourth=) m. 
Like the angle oppoſite fide ſought, if the given fide is acute; 
But unlike that angle, if the given ſids be obtuſe. 
.* Take the diff. between £ ACB, adj. fide fought, and (4 AcD=) n, call it n. 
Then rad. : co-t. CD : : co-ſ. (L AC DS) m: co-t. Ac. (3d 116) 
- Fad, : co-t. CD : : co. (cps) n: co-t. CB, 


T bre 


Lite 4s uſed in this propertion, if KY given fits, 
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— >» 
0 


Therefore col. n. £o-ſ, ha o- t. on: co-t. AC, | (II. 155) 
Ae e eee e 1 Meet, AC: mn, OFT OS, n 37) 
Or ca-fen: a 7:74 wo given fle: tan. ale required. 

Like u, if the angle oppofi te the ſide ſought Inet x Eno ng 

But unlike n, if the angle is obtuſe, -  . Oe ee net 


ad. To find the other angle ABC. 

As rad, : c-of. Ac: : tan. Z. AB Aco- t. en 
cal ... (3d 114) 

Or rad .: c= / Ihen hi de: 5 fan, either given * 
cet, {of 4 ft) m. 


AC, 75, acute ; 1 4 
But unlite that 4, if the given fades is obtuſe.” 18 
Tate the difference; between the other 4 ACB, ond A 
£ (acp=) m, cn, yi | 
Now rad. : co-ſ. o; fin, Leaope=) m el cn. (0 116) 
rad. : co- . CD:: ſim (COD) A: co- ſ. C AB. 
Therefore ſin m: in- n :i:-c0-f. A CAB: co- f. Z. A Rc. (IL. 155) 
Or fm, m in. n: cos ſ. 4 ujed in firft prop. co- ſ. 4 ſought. TE 
Like the C. uſedin both proportions, if m is leſs than the other: . ; 
But * if m is * eater than the other angle. 445 


126. PRO B L EM V. 


In the oblique angled ſpheric triangle nc. Plate I. Problem v. 
Given the Nr ſides AB, BC, Ac; Required! the angles. . 

To find the mk ABC. e 
Let EBEKLM repreſent the Gi of a ſphere, the center of which is o. 


Where the ſemicircular ſections HBK, . at rent N to one : 
another; and o is perpendicular to HK. 


Then, continuing the ſide g to L, the arc HMI. e VA ABC. - (9) 
And Hog chord KL, will be the ſine of ? (arc HMH) L Arc. 
Draw the radius om; and draw LP, QN, at right angles to Hk. 
Then Lr =fine, hy erſed ſine, of L AhO; and HN NP. (II. 165) 
But as Ho is a PISCES triangle; og being perp. to HL. (II. 125) 
Therefore on : HQ: : HQ: HN. (II. 170) 
And on x HN=He: (IL. 162 )=ſquare of the ſine of 2 L anc, 7 
Make pp=BE=BC; and Ar AOS SAC. 
_ "Then the ſemicircular plane Dce, which is parallel to HL k (23), will - 
be cut by the ſemicircular plane xc, drawn afiright angles to the plane 


 HBK, in the line CI (II. 209) at right angles % R. II. 210) 


And the arc Dc, and its 1 . 1 are ſimilar to the arc Hl. and 


its verſed fine ur. 3 1 50 III. 15) 


Draw OR PP to FG; SIEM Arc e 51 are” vr, and RKZAP 
Therefore ADIF={£KoR=acRK=) arc AB. 
Now Ds (SRH =Iine arc Br =) ſine are Bc, 


5 And aD=(ep—L14a=Bc—z3a)=dif ſides as 2 0 TRY 


Alſo! CDT arc {DGZAG+ADE ) , the hog of which i is 
21D. Schol. to art. III. 45. 


Aud arc FD (AE— AD) ewa, the fine of which is 2 Dr. 
8 Now 
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Now ſin. bir: an. Z.DFI1 : : (FD A ep: { 10, (Schol. III. 45) 
Or fin. ir: fin. DI: 1 oh s. 


"Therefore ſin, vir x Bs N K 55, ſin. DFI Arp. II. 163) 
— 
Therefore Ga, L Dir * DS X 3g oh ſin. Z-DF1 XZFD X OH (II, 156) 
Or ſin. ir DSR HN ſin. L orI XA £FD x on. St 13 Cl bao) * 
Tberef. {un LDIFXDS : fin. Cori Tb: : OH : HN; „II. 163) 
22 OHXOH: (argon =) FE, (II. 155) 
Therefore fin. 2 Dir e Ds: fin. L DFI TTD: Hd 


Or ſin. A x ſin. ac: fin. Fac+apxfin, 3 2 ab: : Radꝭ: fin, FE ant 
fin. 2 ACFAD xfin. 2 A. 


Theref. ſqu. 10. Zan . X ſqu, Rad. (IL. 164) 


Now ſuppoſing rad. =, and L. to ſtand for logarithm. _ 

Then 21, fin. 2 4 ABC=L. ſin. E ACFab+L, lin. NIL; ſin. AB. 
I. ſin. BC. 1 (J. 90, 85, 86) 

And putting / for the arithinetic complement of a logarithm. _ 


J. fin. AB. ſin. BC+L. fin. — ſin. — 
Then T, fin. 1 L ABC — — 


That is, having determined which 9556 to find, 

To the arithmetic complement of log. fin. of one containing ade, 

Add the arithmetic complement of log. fin. of the other containing /; fide, 

And the log. fin. of the lend 3 of 3d fide and difference of the containing ff des, 

Ale the log. fin. of the 2 1fference of 3d ſide and 44 « of the containing ſides, 

Then the degrees anſwering to half the ſum of theſe fd ara. V 
among the ſines, being doubled, 1010 give the angle ſought. 


rp O BLE M VI. 


To find the fide AB. 


In the oblique angled ſpheric triangle anc. 
| Given'the three angles a, B, c; Requ. the hides: 


About the given angles as poles, deſcribe arcs of 
great circles meeting one another, and forming the 
triangle FDE, | 

Then are the ſides of FDE, the ſupplements of the 
angles A, B, c. „ 

Continue FD, xx, the ſupplements of the angles h, 
A, adjacent to the fide AB required, till they meet in G. 
Then in the triangle DoE, the ſides Gp, GE, are the meaſures of the | 

ha les B and A, adjacent to the ſide ſought. 

I be ſide px is the ſupplement of Ce "oppoſite the ſide AB. | 
Now L (= Lx, by 31) is the ſupplement of AB. | | 
Therefore the . G being found in the triangle O by Pros. V. ( 125) 

wil ive the ſupplement of the ſide as required. | 
That is, Let the given angles be taken as the fides of another triangle, 

obſerving to uſe the ſupplement of that angle oppoſite to the fide required. 
In this new triangle find ( by ROB, V.) the angle oppoſite to that fide where 
the upplement is uſed, 
Then will the ſu upplement of the angle thus found be the Ch de RR. 
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Book IV. 


0 sECTIO N vin. 3 
De Construction and numerical Solution of th: 


. caſes of right angled ſpheric Triangles. 


156. Exam, I. In the right-angled ſpheric triangle ABc, 


Given the hypoth. ac=64* 40 5 
| And one leg BC2=42 12 I Required the reſt. 


ConsTRUCTIONS, ; 


It, 7 put the given leg on the primitive circle, 

Deſcribe the primitive circle, and draw the 
right circle AB. 

Apply the given leg (42* 12) to the primitive 


About c, as a pole, at a diſtance equal to the 
© hypothenuſe (64 400 deſcribe (68) a ſmall circle 


right circle e. 
Through c, A, , deſcribe an oblique circle, 
And Azc is the triangle ſought. 
2d. To put the required leg on the rimitive circle, 
Deſeribe the primitive circle, and draw the right / 

_ cirele CB; on which lay wy given leg (42 2-1 WED 

from ; to o. - (19) 
About c, as a pole ( 66), at a diſtance Ns to 

the hypothenuſe (654 40) deſeribe a ſmall circle 

8 the primitive in A; and draw Ao. 
Through A, C, D, deſcribe an oblique * 

| I 

Then Axe is the triangle required Whol i ſides and angles are mea- 

ſured by art. 70, 7% 


ComPUuTaTION. 


To as 9 the given leg. (127) To find C adj. the given hs (128) 
As fin. hyp. , =64? 40 0,04391|As rad, ==90? oO 19,00000 
To rad. 9 o 10,00000| To co-t. hyp. 4 40 gy67524 


So ſin. So. leg =42 12 9.82719 So tan. gn. leg. =42 12 9995748 


To fin. op. 5 48 oo 9,871 10 
This angle is acute, becauſe? it is to be 
like the given leg, which 1 is acute. 


To find the other leg. (129) . 


As co. ſ. gn. leg =42? 10 0,13030 
Jo rad. ==90 OO 10,00000 


So co- {. hyp.  =64.49 9263133 


—— . — 


Iu co- ſ. req. leg 54 43 976163 


To co · . adj. & aha - 35 963272 


RAY 


This angle is acute; becauſe the hyp. 


and woes leg are of * ads. 


This leg is acute, bat the hyp. 
| and 8 leg are of like kinds. 


» 


Nor, In theſe operations, and in all the following ones, oh the 
word co-fine, or co-tangent, is uſed in the proportions, yet the degrees 
* minutes ſet r are not the complements, but the real ſides or an wy 


157+ 
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17. Wenz II. In the right-angled ſpheric triangle anc. 


Given the hypoth, ac = 64* 40 
7 And one angle Ach = 64 35 Required the reſt. 


W 5755 ConsrauUcTIONS, 


2552; oy PTY 


Ay Iſt To "0 the he adjacent to the given angle on the primitive circles 


Through any point c, in the primitive circle, 
| deſcribe (75) the oblique circle cap, making with 
the primitive circle the angle BCA, equal to the 
given angle 64 35“ 

IIhn the oblique circle Cap, take ca equal to the 
IS given hypothenuſe 64 407. (70) 

Through a deſcribe the right Circle as. 

And CAB is the triangle N ings 


a | by 
4 


N To put the leg oppoſi te the given angle on the primitive circle”. 


Having deſcribed the primitive circle, and _ 4 1 

drawn the right circle os ; 5 * 5 7 10 
| Deſcribe (80) an oblique circle ACD, cutting 5 

- the right circle os in c, with the given angle 
64 37, and having the part Ac intercepted be- 

tween the right circle og and the primitive 

circle, _ to the given hypothenuſe 64? 
49; 
"TD hen Anc is the triangle required. 

The ſides required are meaſured by art. 70. 


And = required angle by art. 72, 


Tt . Co MY UTAT ION. 
| To find the l. 14 bb. the giv. L (130) | To find the leg adj. the giv. = (131) 
As rad. =90? o! 10,00000; As rad. =90® oo“ 10,00000 


To fin. hyp. 264 40 9 95609 To tan. hyp. =64 40 10,32476 
So fin. given Z =64 35 99557980 co- . given C 504 35 9.63266 


3 To ſin, op. leg =54 43 9-91188|To tan. adj. leg. =42 12 g, 95742 
3 che er angle. Acute, as the hypothenuſe and given | 
. | - {langle are of like kind. 


7 find the other EY (132) 


As rad. — e 10,00000 

To co- ſ. hyp. — =64 40 9.63133 

80 tan. given angle 8 10,3313 
Pew required angle 248 00 995446 


Neg is acute, as the hypothenuſe and given angle are of like kind. 
M 4 I 38. 128 


16% SPHERICS. 


% 
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| 188. EXAMPLE HI. 6 the right angled ſpheric ante ABC. 


Given one leg cB = 42 12 
And its opp. angle caB = = 48 00 


— 


— 


ConsTRUCTIONS. 


ſk, To put the required leg on the primitive circle, 


Deſcribe an oblique circle, AcD (75), making 
with the primitive circle the angle CAB, equal to 
the given angle 48? OO. 

About the center o of the primitive circle de- 
"ſcribe (67) a ſmall circle at the diſtance of the 
_ complement of the given leg 42 12/, Hog ACD 
in c. ho: 

Draw the right circle OCB, and ACB is the tri- 
angle * „ | 


2d. Ta put the A leg on the primitive circle. 


Draw the right circle oAB, and another ok at 
right angles. 


Required the reſt. 


Make Bc equal to the given leg 42? 127; draw. 


the diameter ch, and another op at right angles. 
About E, the pole af AB, deſcribe a ſmall circle 


(68), at the diſtance of the given tangle 487 oo“, 
cutting OP in Pp. 


About P, as A pole (62), deſeribe the oblique 


circle cap, cutting AB in A. Then CBA is the 
triangle required. 


The ſides are meaſured by art. 70, and the angles by art, 72. | 


CompuTATION, 


25 find the hypothenuſe. (133) T find the other leg. (134) 
As fin. giv. 4 =48? oO 0,12893] As rad. oo oo! 10,00000 
To fin. * leg =42 12 * 9,82719] To co-t. giv, 4 =48_ oo * 9,95444 

80 28 29 o _T9,00000| So tan. giv. leg 42 12 9,95 748 
Te fn byp. | 64.403} 9,5612 To fin. req. leg =54 44 9.91192 
And i is either acute or obtuſe, | | And i is either acute or obtuſe. 


To find the other angle. (135) 


As co-ſ. given leg — = 42 12“ 
To ce ſ. given 4” — = 48 oo 
So rad. — 0 = 90 09 
To fin. required . — . = 64 35 


And is either acute or obtuſe. 


o, 13030 
9.82551 
10,00000 


995581 
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159. ExAmMPLE IV. In the right angled ſpheric triangle ABC. 


Given a leg AB==54* 43 I 
And its adj. angle ABS =A8 00 | | Required the reſt, 


CONSTRUCTIONS 


Iſt, 75 put the given leg on the primitive circle. 


Having deſcribed the ns and right circle 
B; 

Make BA equal to the given leg 54 43˙ 

Draw the diameter An. 

Through A deſcribe the oblique circle Acp (7 5) 
© making with the primitive the given angle BAC 
44 000 cutting 0B in c. 

Then i is ACB the triangle required, 


2d. EE put the required leg on the primitive. 


In the right circle OB, take (71) AB, equal Ne 
to the given leg 34 43. $27 

Through the point a, deſcribe ( (76) the ob- 
lique circle cap, making with as the angle 
BAC, equal to the given angle 48 00', cutting: 
be rimitive circle in o. 

hen is ABC the triangle . 
The ſides required are meaſured by art. 70. 
"N01 the required _ by art. 72. 


'CompurarION. 
To find Fe ther angle, Wt 36) To find the other be. (137) 


As rad, ==90? oo! 10,00000| As rad. ==90? oo! 10,00000 
To co-ſ. giv. leg=54 43 9,76164|To lin, giv. Ieg =54 43 991185 
So fin. given 4. N of 00 9.87407 * tan. giv. A ==48 00 10,04556 
To co-ſ. req. PA S0 35 9.63271 To tan. req. leg =42 12 9.95741 


—— — 


e is ** the 112 angle. And is like the given leg. 


25 find the hypothenuſe. (138). 


5 As rad. — = go? o 10,00000 
To co-ſ. given — — = 48 oo 9.82551 


"RE So c0-t. given leg — = 54 43 984979 


To cost. hypoth, — = 64 40 9,675 30 


And is acute, as the given leg and angle are of a like kind. 


+ 
4 
4 

1 
I 
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160. EXAMPLE V. In the right angled ſpheric tangle . 


Given one leg BA 54 
And the 9 leg Bc * 11 J Required as, reſt. 


ConsrrverioON. 
To put either leg on the primitive circle. 


Deſcribe the primitive circle, and draw the 
right circle 0B. 

Then, let the given legs 54% 43, and 420 iz, 
be applied, one from ; to A, and the other from B 
to c (74); and draw the diameter Ab. 4. 
7 hrough the points A, C, Dy deſcribe an Anne | 
circle. (II. 72) ho 
Then is ABc the triangle required. 89 . 
The angles a and c may be meaſured by art. 72. 
oy the e Ac by art. 70. 


Coururarion, 


To find the angle 4. (139) 


0 As radius pn 13 = go® as 10,00000/ | 


To fin. of leg AB == 54 43 9.91185 
So co-t, other leg Bc = 42 12 10,04251 


( 7 N n 4 


Jo co-t. op. angle a = 48 0  9,95436 


ty : And is acute, as the oppoſite leg CB is acute. | | 
T7 find the angle c. (139) 


As radius — _ = go* os 10, 0 


To fin, of leg e = 42 12 9.82719 
So co-t. other leg AR = 54 43 9.84979 


1 c0-t. op. angle c = 64 HS 9.67698 5 


And! is acute, becauſe the oppoſite leg AB is acute, 


To find the hypothenuſe Ac. 1400 


As radius — 2 go? oo 1000000 | 
To co-f. either leg aa == 54 43 9,6164 
« So co-ſ. other leg CB 2 = 42 12 9.86970 


Jo co-I. hypoth. ac = 64 40 963134 


And is acute, as the legs are of the ſame kind. 


| 161. Ex- 


n, SPHERICS, OR 


161. EXAMPLE VI. In 7 right angled ſpheric triangle ABC, 


Given one angle Aa=48? oo 
And the NEE angle c=64 35 | Require the reſt. 


ConsTRUCTION. 


7 75 put either leg, as CB, on the primitive circle, 


Having defcribed the primitive circle, and 
drawn the right circle os; 
Then (81) deſcribe the oblique great circle 
CAD, cuttin ”_ the primitive circle in the given 
angle c, the right circle og in the given 
* 5 
. ſides are to be meaſured by art. 30. 


COM PUT ATION. 
To find the leg cg. (141) 


As fin. 4. adj. red leg e =64" 3% 0,04421 
To radius — = 90 60 10, %o : 
So co-ſ. other angle a = 48 0 9.825512 0 
| To co-C. of its OP. leg CB == 42 12 : 9.86972 : | 


* 
— — by 


And i is acute, becauſe the oppolite angle is acute. 
PH 5 7 7 find the tis AB. 49 


As fin. C. adj. req. leg A = 48 00 0,12893 
To radius — . +: 22-90; 00 10,00000 
So co-ſ. other angle e = 64 35 9563266 
To co-ſ. of its op. leg A8 = 54 43 Sit 59 


— And i is acute, becauſe the oppoſite L. is acute. 


To find the hypothenuſe ac. ( 142) 


As radius — == 909 oo 10,00000 
To co-t. either angle as a = 48 oo 995444 
So co· t. other * as C = = 64 35 9,7687 
To en = 64: 40 963130 ; 


Andi is acute, becauſe the angles are both acute, or like, 


. 7 3 ä 


Fg 


„ 8 PH ERIC S. Book IV. 


162. EXAMPLE VII. In the quadrantal triangle asc. 
Given the quadrantal fide ac = go? oO 35 
an adjacent angle A = 42 12 renne the reſt/ 

And the oppoſite angle B = 64 40 To, 


| ConsTRUCTION. 
ND put the quadrantal fide on the primitive circle. 


Having deſcribed the primitive circle, and 
drawn the diameters AD, RC, at right angles ; 
Deſcribe the oblique circle aBp, making with 
Ac an angle of 42? 127. „„ 
Through c deſcribe a great circle E, cut- 
ting the circle ABD in an C of 64 400. (74) 
Then is ARC the triangle ſou gt. 
The angle c is to be meaſured by art. 72. 
And the ſides AB, ch, are meaſured by art. 70. 


COMPUTATION. 


| Imagine the given triangle arc to be changed into a right angled 
triangle, where the ſupplement of the angle s is to repreſent the hypothe- 
nuſe, and the angle A to be one of the legs. Wh: 
Then will the ſolution fall under art. 127, 128, 129, in the table; and 
the numerical computations will be the ſame as in Example I. Obſerving 
that the angles there found are, in this example, the meaſures of the ſides 
AB, CB; and the fide AB in that example ſtands for the angle c in this. 
Now in determining the value of the parts of this ti iangle, as they 
ariſe in the computation, the words like and unlike are to be changed one 
for the other, where the hypothenuſe is concerned in the determination; 
Thus the leg AB is taken acute, becauſe the ſupplement of the angle 
oppoſite to che quadrantal ſide, which is here uſed as the hypothenuſe, 
is unlike the other given angle; and its oppoſite angle c is to be acute 
for the ſame reaſon : But the kind of the fide pc being known by the 
kind of its oppoſite angle a, it muſt be taken acute, as the oppoſite angle 
is acute. = 7 F 9 Ks 
In the conftruction there ariſes two triangles, either of which will an- 
ſwer the conditions in the example: For the ſmall circle deſcribed about 
r, the pole of the oblique circle ABD, cuts the diameter Ap in the points, 
a, b; and either of theſe points may be taken for» the pole of the oblique 
circle wanting to complete the triangle. . 
Now if @ be taken for the pole then in the triangle arc, the meaſure 
of the things ſought, will be equal to thoſe ariſing from the computation : 
But the angle B is the ſupplement of what was given. 
And if b is taken-or the pole; then the triangle apc will ariſe from 
the conſtruction; wherein the angles A and B are reſpectively equal to 
8 is 1 But then the fide AB, and the angle c, will both 
Obtule. | 5 1 | | 


SECTION 


4... * 


_ 
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£3 SECTION IX. 
7 The Conftrufion and numerical Solution of the 


caſes of oflique angled Jpheric Triangles. 


163. ExAmPLE I. In che oblique angled ſpheric triangle ABC. 
Given the ſlide ; TY fon > I14” 300 


ko the hide 15 . BC = 56 40 (equi the reſt; 
5 Ae an angle e to one a BCA = 125 20 | 


CONSTRUCTION. 


7 o put the given fide, adjacent to the known angle, on the primitive circle, 
Deſcribe the primitive circle, and draw the | 


: diameter BD. 


ion BC equal to the ſide adjacent to the given 


_ e=50* 40 


eſcribe the great circle CAR, making the angle 


BCA equal to the given one, 1250 


Through 8B deſcribe a great circle g; Ap, cutting 
AE in A, at the diſtance of AB, the other given 
ſide from B, T1145 307. 


Then ABC is the triangle ſought. 


(79) 


20. (75) D 


wy 


And the Pons required are meaſured by art. 70, 72. 


Co nr 


TATION. 


To fad t the angle A, oppoſite to the other given fide. (144) 


As fin. one fide aB=1149 3o' 0,04098 
To fin. op. I C=125 20 9,91158 


So fin. oth. fide cB== 56 40 9.92194 
\ conttruttion ſhews it to be acute. 


; To fin, op. 1 by 39 9:87450 


Which may be ether acute or ob- 


tuſe from the things given: But the 


0 find the angie B between the given ſides. * ( 145) 


As rad: == 9g0® 00' 10,00000 


I0o tan. giv. E. C==125 20 10,1494ʃ1 


So co. . pa): fig.Bc== 55 40 9.73997 


© md 


To co· . Wn; =127 47 9.83938 | 


And is obtuſe, as the given _ 
464 its given adjacent ſide are unli 


Then as the given ſides are unlike, the diff. of m and n, or 629 54 4B. i 


Ascot. S. ad. g. Bc==56* 40/ o, 1819) 
To co- t. oth. ideaB==114 30 9.65870 
So co- ſ. m ==127 47 9,8723 


| poſite given A, that / being obtuſe. 


— „ 


To find the other fide AC. (146) 


As rad. == gov O0 10,00000 | 


To co-f. giv. C c=125 20 9,76218 
So tan. ad) ſid. B = 56 40 10,18197 


To tan. 1 | 1 40 994415 


And i is obtuſe, as Z. c and cs are unl. 


To co-f.oth.fidea B=i14 30 9,61773 


So: . ==136 40 9,87557 
To co- . N = 55 29 975332 


— ä—ͤ—õ— — 


Then as Bc and n a, are unlike the diff, of u and N, or 83 11 2 _ 


. Ex. 


„ " 


To co-ſ. n = 64 53 462790 
Which is acute, being unlike ſide op- 


As co- S. ad. g. Z n= cn ae 0,26002 | 


And is acute, being un! AB as above. 
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164. ExAur l II. In the oblique angled 4 triangle ABC. 


. Given the angle 7 
| the angle 


RICS. Book IV. 


ACA 
 BCAZI125 20 f Required the reſt, 


And the fide oppoſite to one angle, ABZ 114 30 
te: | 2 2 | 


3 Cons TRUCTION- 


Through B, deſcribe the great 


155 cutting Acp in an angle equal to the given angle 


BCAZ 125 20, e 
Then is ACB the triangle ſought. 


To put the given fide as on the primitive circle. 
- Deſcribe the primitive circle ; draw the diame- | 
ter Da; and through 4 deſcribe the g 
AcD, making the given angle Bac=48? 3o'. (75) 
Make the arc AB equal to the given ſide 
x14* 30 (Jo); and draw the diameter BE. 


reat circle 


circle Sc, 


(78) 


And the parts required are to be meaſured by art. 70, 72. 


Cour TATTON. 


_ C=125® 200 0,08842 


I.0o fin. op. fide aB=114 30 9,95902 2 
Bo fin, other 4 a= 48 30 9,7446 


Jo fin. op. fide DC== 56 40 9.92190, 


— 


T, find the fide oppoſite. the other given angle. (1 47) 
As ſin. one £  c | 


Which may either be acute or ob- 
tuſe from what is given. But the con- 
ſtruction ſhews it to be acute. 


» 


==90® o/ 10,00000 


— __— 


=124 31 10,16256 
And is obtuſe, being unlike C. A, as 


AB is greater than 90%. 


85 To find the fide AC between the given angles. (148) 
As rad. | 

To co-ſ. 4ad.g.S.a==48 30 9, 82126 

So tan, gn. S. aB=114 30 10, 34130 


— 


Asco- t. L. ad. g. S. A 480 300 0,05319 
To co- t. other 4 c=125 20 9,85059 
So fine u =124 31 9,9159 


To fine x = 41 19 9,81969 


Which may be either acute or ob- 
tuſe ; either 41 20' or 1382 40“. 


Then as the given angles are unlike, the difference of u. and M, or 83 12. 
is the fide ac, Or the ſum of 138 417, and 124 31”, leſſened by 1800, 


leaves 83 12. | 5 


— — — 


S =90®00' 10,00000 
To tan. /.ad.g.S.a==48. 30 10,05319 
So co- . gn, S. ABS=114 30 9,6773 
To co-t. mm ig 07 9,67092 
| —ę 


And is obtuſe, being unlike Z a, 


as its adj, fide as is greater than 900. 
Ik) ben as the given angles are unlike, 
is the angle 5 required. Or thi 


4 


8 — 


—ñ— 


+00 find the other angle ABC. (4140) by | : 


Asco-ſ. C. ad. g · S.a= 48* 30' 0, 17874 
| To co- ſ. other 4..c=125 20 9, 76218 


So ſine m ==I15 07 9,95686 
To fine n = 52 13 9,89778 
Which may be either acute or ob- 
tuſe, viz. 529 13, or 127 4%. | 
the difference of m and n, or 620 54", 


r the ſum of *. no 5 0 4%, leſſened b 
18055, leaves 62 6. 115* 0%, and 127 47 eſſened by 


— 


| 165. Ex-. 


— 
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165, EXAMPLE III. In the 7 14 angled ſpheric triangle anc. 
Given the A 11 30 

7 the ſide 2 2 — 56 40 {Require the reſt, 
And the contained angle AB = 62 54) We 


CONSTRUCTION, 


3 put either of 1 the given ſides, as BC, on the primitive circle. 
| Deſcribe the primitive circle; draw the dia- — 
meter BD ; and through B deſcribe a great circle 
BAD, making the given angle ABC=62? 5 
| 5 
On the circles scp, BAD, take the >, 8 
A, reſpectively equal to the given ſides, viz, 
nc 569400, and Ba=114* 300. „ 
Draw the diameter cz, and through o, A, E, E > 
- deſcribe the great circle car; then Asc is the triangle ſought. 
The required parts of Bc are meaſured by art. 79, 72. 


 ComyeUuTATION. 
| 25 find the angle C. (150) 

| bid. | = 90 O0 19,00000 Y 

To co- ſ. given = 62 54 9,65853 

5 * e 30 10, 34130 


the given angle being acute. 
Take the difference between u and 


To un. wm 24135 01 9,99983 en ea it x. 
As ine Rn = 78? 21“ 0,00904. 
To fine 2 2135 01 9.84936 And is obtuſe, being unlike the given 


So tan. siven GD 62 54 10, 29096 angle, becauſe M is greater than Bc, | 


| the hide N to the required 8 
Fo tan. req. . cC=125 20 10,14936 | 


A To find the . A. 71500 
| PF . 2d oo 10, ooooo 
To co-ſ. given 4. B=62 54 9,6585 3 
| OS: £»c=56 40 10,18197 


the given 0 f being acute. 
Take the difference between u and 
BA, and it is 79 48“; call i it x. 


To tan. of 1 =34 42 9,84050 


As fine x qe 48” o, O92 
To fine 4 34 42 975533 And is acute, being like 10 given 


i So tan. given 55 B==62 54 10, 29096 angle, as M is leſs than AB, the ſide 


| =———-\ adjacent to the required angle. 
"BY To tan, reg. 4 A 248 30 1005321 


To | find the other fide Ac. (151). 


— 


— 


 Azrad. = 90 10, 0000 | As co- f. 1 "_ on” 0.15039 

To co- given . 62 54 9,65853 | To co-l. * = 78 21 9.30521 
So tan. eith. S. ABE=114 30 10, 34130 So co-. 8. aſed 4B=114 30 9.01773 
Ton, us =135 ol 9.99983 e req» A c 83 12 907333 


Obtuſe, being like az , the fide uſed, And is acute, being like , becauſe 


5 becauſe the given angle is acute. the given angle i Is acute. 
Lin: diff. of 14 an der. or 78* 21'==N. 


Obtuſe, being like fide op. req. £, 


Acute, being like fide op. req. , 
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— — — — — — — 


» As rad. 


176. SPHERICS, 


Book Iy, 


166. ExamPLe'IV. In the oblique angled * triangle Añc. 


Given the angle CA = 125˙ 20/ 
the angle ace 48 30 Requited the reſt, 
And the included fide. Ac = 83 12 . 
9 „„ e ö 
To put the given ſide on the primitive circle, * 


Defcribe the primitive cirele; draw the diame- 
ter AD; and through A deſcribe the great circle 
ABD, making the given C BACg48 O 30“ (75) 


Make ac equal to the given 


Draw the diameter ce, and through c deſcribe 
the great circle E, making the given angle 
 BCA=125* 207 (75), cutting ABD in 3. 


Then is ABC the triangle fought. 


ſide 2 83˙ 127. 
0) 


And the parts required are meaſured by art. 70, 72. 


Con u 


To find the fide AB. (152) 


| — go? OO. IO0,00000 
To co·ſ. gn. ſide a c 83 12 9,07337 
So ta. Cop. r. S. c 25 20 10, 14941 


To co- t. * = 99 29 9.22278 


= 50% 59/ 0,20097 


As co-ſ.n 
"= 99 29 9,21615 


To co- ſ. m 


So tan. gu. ſide ac== 83 12 1092357 


8 To tan. req. id. B=1 14 30' 10, 34139 


TATION, 


Obtuſe, being like Cop. ſide req, 
the given ſide being acute. 

Take the dif, 6 m and 4 
A, and it is 50% 59“; call it n. 


And is obtuſe, being unlike n, be- 
cauſe the angle oppoſite to the ſide 
required is obtuſe. 1 


To find the fide BC. — TIN Ah 


As rad. | Doo oo 10,00000 } 
Toco- f. gn: fid. ac=83 12 9.07337 
So tan. Cop. r. S. a==48 30 10,5319 


To co- t. of m 82 221 9,12656 


A257 „13558 
82 225 9, 12283 


As co- ſ. n. | 
To co-ſ. m 


So tan. gn. fid, ac==83 12 10,92357 


—— .wãu— 


Acute, being like . op. fide re- 
quired, the given fide being acute. 
Take the diff. between m and 4. 
c, and it is 425 57'Z; call it n. 


And is acute, being like n, becauſe 
the angle a oppoſite to Bc, the fide 
required, is acute. 


— 


” 4 


To tan. req. ſid. B c 56 40 10, 18198 yy DE 
e hae To find the other angle B. (153) 
As rad. | | == go? oo! 10,00000 L 


To co- ſ. gn. ſid. 4 c 83 12 9,07337 
So tan. either 4. u 20 10, 14941 


99 29 9.22278 


To co⸗ t. m 
Obtuſe, being like 4 e here uſed, 


becauſe the given fide is acute. 


Take difference of m and 4. A, wiz. 
42® 573 and call it n. | 


As fine m "= 99® 29“ 0,00598 
| 'To ſine n & — 50 59 9, 89040 
| So col. Cuſed, 25 30 9,0218 
To co-ſ. req. 4 93 62 54 9,65856 : 
And is acute, being unlike the an- 
gle c here uſed, as m is greater than 
the other angle a, 


167. Ex- 


the given ſide BC, = =56* 05 deſeribe a ſmall 
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| point in the circumference, as A, ſet off one of 


PR 


167. EXAMPLE V. In the oblique angled ſpheric triangle ABC. 
1 5 the ſide AB = 114* 300 
the ſide 4 r 33 13 | Required 0 the reſt, 
the fide nc = 56 40 
| 1 CONSTRUCTION. 
1 put either fi de, as .A on the primitive circle. 
Defcribe the primitive circle, and from any 


the given ſides, as A 83˙ 13 (79); and draw 
the diameters Ap, g. 
About c, as a pole, and at a x diſtance equal to 


FT 1 - 2. %- A 
by 1 


circle nn. ee tf 
About 4, as a pole, and at- a diſtance equal to 2 wot 
the given fide & (when AB is leſs than go®) de- V 


ſeribe another ſmall circle m (68), cutting the former in B: But when 


the ſide, as AB, 114 30% is greater than 90; then about D, the oppo- 


ſite pole to A, deſcribe a ſmall circle with the n of AB, as mz, 


Here . r Ar. Co. fine & ==839 13 0,0030; 


1 


5 2 | 87 57 43 582 = diff. 


cutting the former ſmall circle ; in B. 


Thro' the points A, B, D, and c, B, E, deſcribe the great circles ABD, CBE, 
Then i is ABC the triangle fought, 198 the angles are meaſured by art. 72. | 


 ComPUuTATION. | 
To Wu the angle o. (154) 


356 40 : Ar. Co. fine r 56 40 o, o 806 
Sine 4 ſum ==70 31; 9,97 441 
b rb 26 33 | Sine 4 diff. =43 582“ 9,841 58 
+», ABZzZG==LI4 30 | (Rs | 2 
OO — Sum of the four Log. 19,897 10 

6 Db 141¹ 03 5701 PEER Slum | — 
„„ — — [x ſum 1s ſin, of 620 39 — 9.94855 


; — — — 


Which doubled gives 1259 19=4c. 


7; fud the 6 angle a. (154) 


Here ABSZE=114® "4 Ar. Co. fine 8 114 30 © 0,04098 
OTA A= 1 Ar. Co. fine F = 83 13 0,00305 . 
"Bs om, 147} 71 7 Sine ＋ ſum — 43 582 9.84158 
Abr 31 17 Sine ; diff, 2 12 414 2, 34184 
BC==6== 56 40 a . 
— | | Sum of four Log. =- 1992274; 
; 8+ 0= 87 57 43%581'= =zſum| x 1 
e — — 1 ſum is fin. of 2415 9.61372 
br 25 2312 1 di c 
2 — — Which doubled = 482 31 2 A 
88 . To find the angle 8. (154) 
Here AB=E==1 149 =: Ar. Co. fine E =114* 30 "'0,04098 
„„ 49- . - Ar. Co. fine p = 56 49 . o, o 8o6 
PE — Isine = ſum = 70 317 9,9744 
al — 57 50 Sine x diff. = 12 414 9.34184 
. Ac=6= 83 13 KOs 7 r 
—— — War "TER of fas Log. - - - 19443529 
| 8 03]70%315;=5 ſum 
„5 — I: ſum is fin of 31% 28 9.71764 
o-. 25 23\12 4112 diff. Which doubled gives 629 56 SZ. 


Vor. I. 1 | 168. Ex- 
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„ SPHERICS. Bock Iv. 
| „ | 168. nn. VI. In the oblique angled ſpheric wine ABC. 
3 Given the angle A = 48? 

| the angle B = 62 52 3 reſt. 
=. 1 the angle c 2125 20 | F 


— 


CoNnsT RVO T Ion. 17 55 
. 75 put either two angles, as c and 8, at the primitive. 


| Deſcribe the primitive circle, draw the diameters | 
- ED and EF at right angles to one another; and thro* | 

c © deſcribe a great circle cap, making the angle 
'BCA equal to the given angle c=125* 20. (75) 

| Deſcribe a great circle Bag, cutting the given 

8 circles ' CFD, cAp, in the oy AP? = 

52 and A=48* 31. * WAR 

Weg | Then is Abc the triangle ſought. , - - e 

3 | N the lides are meaſured bo art. 76. 3 


: A - - 
1 A * > 4 
— ws "4 * 


Comrurarion. * 
1 the fide AB. (155). 


k = dla re 62 7 ol 19 | Ar, Co. fine N YL = 62 52 0,05064 
F | | N 48 . Ar. Co, ſine rp = 48 31 012543 
_* a AGE Sine f fum == 34 301 9.75322 
| 5 s E—F=D= 14 12 | ne z diff, = 20 094 9.53733 
{ up. C. o === 54 40 | 5 =» | [| — 
1 1 own : ol 5 ee of the four Log.  19,46662 | 
= - 6 „= o1[34%307=3ſum 1 
Wo —— > 15 E ſum is fin. of 32 TY 9.73331 
—_ 6:2 8 | 20 O diff. —— 
| li NE: 5 — The ſup. of its double is 1145 >. 
| W To ful the Ar Ac. 2 . 
| 5 —— 20 r. Co. fine E 3 200 / 0,08842 
oF” "IS, =48 3 [as Coe ner = 48 31 0, 12643 
Loa — TJsine g ſum . yg 587 9,99677 
Rr =- 76-49 y Sine 2 diff, = 20 og 9,53733 
— Sup: pmorepll7 ELECT IT ne, 1 — 
— Jam of four Log. 19374795 
: e lg 57 965 58 lum „ — 
8 r 2 ſum is fin, of 489 25% 9.387397 - 
D 19120 kai 838 — 
e = ce The ſup. of its double! is 830 oc. 
eee 4 To find the ja RC. (155). =. 
. oe Ar. Co. fine = ==125? 200 0,08842 
= 62 52 EE Bol Ar. Co. finer = 62 52  0,05064 
On ate: nnm——; ____[Sinezfum _ . = 96 582 9,99677 
8 1 62-43 - es, Sine {diff „ WES an £4 301 9575322 
=131 = CN cove IRE 
ED EY ys Pg four Logs | 1.09,88905 
, 3 5 "hd . ſum i is | the fin. ef 615; T4 9.94452 
rde fop, of its double i is 36 42 Dune, 


3 - SECTION 


3 
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9 rie x. 

| 169. The principles already delivered have been ſhewn ſufficient for ; 
_geriving methods for the ſolution of all the caſes in ſpherical. Trigono- | 

_ ©" metry: yet as there are many other uſeful and curious particulars which © 
— _appertain to the ſubject, it was thought proper to add ſome of them for _— 
the entertainment of ſpeculative readers. The chief of theſe relations ; 
cannot, perhaps, be better inveſtigated, than by imitating the method of "ml 

the late William Jpnes, Eſq. who publiſhed in the year 1747, in the i 
Philoſophical Tranſactions. No 483, ſome properties of Goniometrical - 
lines; which properties are moſtly derived from a general figure which i 
Mr. Jones ay Karp from one communicated to him by the great Dr. | 

— Halley. See Synopſis Palmariorum Matheſeos, p. 245. . 5 ; 

| 

58 P 
y 

| 


4 Let AB, a; or ab, Ad, be any two arcs, each leſs than go degrees. | 
-* Be and BE, or bE and b e, be the ſum and difference of their right fines, | 
xx and px, the ſum and difference of their co-fines. : 7 


The arcs Bd, BD ; or 50, bd; expreſs the ſum and difference of the arcs | 
"AB, AD. | do, DL, are fines of the arcs gd, Bp, the ſum and difference of ß | 
arxes AB, AD; Bo, BL, the verſed fines of that ſum and difference. 
20, LEKI the verſed fines of the ſupplements of their ſym and diff. 


. 


a—- 


Ss — 


* 1 


n SPHERICS. r. 


Let the arcs Bf, Bg, be che half ſum and half diff, of the arcs AB, AD: 
BF, BG, the fines 


th 
v 
4 


. CF, co, the co-ſines | 8 2 ON | Hs | 
BI, BH, the tangents (en nic r diff. of AB and AD. 
Cl, CH, the ſecants | or the ball fam an — — 


Bd, BD, twice the ſines 
'KB, Kö, twice the co- ſines 


PB, re: the co. tangent and the co· ſecant of the half dun of the ares AB, Ab. 


K—„— 


No ow the following ſet of criangles bale: amd, 


VIZ. gag Bde, K BE, Kb DBLz cns, BHG, Kab. 


2 | CB 34 KB Kh 2 ch BH 1 
f CG Be KE wes” \ ns " CB BG K 
CB 4 EB Kh _BD cn un kd 
BG eo Ie N BI. —BH —HG —'d>b 
| co __ Be 3 KT 'DL —_CB __BG K 
$6 <4. med" aus BL = n 2 


The following ſet of triangles being alſo ſimilar, 
vis. CBF, 9 Kr, 2do, dBO, CIB, BIF, PCB, PIC, Kd. | 


p here will reſult, 


CB BD =? 24 ud cr mc pK 
D 


| | 2 | CF B& KE 20. 0 08-400 Pm — PC RK 
| ON cB_ BD Kb 7d_Bd'_ci I cy F ak 


— — — ———— — => — — — 


BF DE "a+ * 50 ir en c — AB 
CF BE kE 20. do CB BF PB PC BK 


* 8 — —— — — —— — — — — — — — 


BY D £6 do BOB IF CB” ci. 


** N 8 
* © 
8 VV) a We OW e 
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170. Now the ſeveral values of the radius cs being collected, are placed in 
the annexed table; where the letters , f, / v, ſtand for the ſine, tangent, ſecant 
verſed line; aim the letters 5, F, 7, the co-ſine, co-tangent, cg-ſecant, of the arcs 
4, a; or of the arcs 1 Ta, ==; and v, the verſed fine of the ſupplement, 


— — — — — — CACSSISETOEN 
| EG | _- Goniometrical Properties. x 
1 i 3.5 (x91) PR (172) (173) 
ASIA, % — 2 — — 2 
5 — X t 1 A+a> bo e X 1 Foo | — NC. 3 [my 
„ AÞ+5, a 4, a 5 e „AA 
” 5 9 WC 35 
g In ＋ 55 4 * qty 95 — 5 4 5K 1 „AA 5,4 bh — „A a 
er HE WE X „MTT. t,. — £4 4 · ee e e 1 
I 
6 1 (4179) W; ; (180 | : | (181) 
—— 11. | T7 Kt 3 Ao =, Kt Apa | Z—_ 
1752 — 8 +a See, OE N +a 3 
(183). (484) „ (185) | 
£ | | | * \ 
| — „„ „ SA—s, a 
1 % 30. A=as 7 = 
2% 3A—a ,* [ids 
: \ (189) 
== A 574 ＋4 |— 
„ A+a | Sy Ag 
a 1 (193) Ig 95 a 
U —— X 51 AÞas = a SS, 


„Ara 


be DU 


„ .-; SPHERTCS. Book IV. 
From the preceding table, a very great number of properties 
deduced ; ſome of which are dial Avent as examples 8 its 5 


— are, in general, expreſſed by 2 5 ratios. 


e readily 
ö 


| 211 Thi « fur ith of che ſines of two arcs tan. of half the ſom of Fthoſe arcs 
: diff. of the fines of Oy tan. of tan, of half the diff. of of the arcs 


(171, 1 


1 55 T1 fom of the co-fin. 4 two 8 co-tan, of half the ſum of ds ares 
off. of che co- ſin. of thoſe arcs tan. of "half the diff; of the arcs 


| (#75, 180) 


1 fine of the ſum of two ares. ſum of the tan. of thoſe arcs 
POETS une of the diff of thoſe ares diff. of the tan. of thoſe ares: 


Far 4 55 IFa (211. y And AT EIS 


— 


$, A —4: 2 8 . e SA 6,2 XT —1, 1 Az 
N compoſition. . 


— 


Then 2 21 — ate. (in. 47, 48) — A. 


| 1,2 A2 24 — 954 + Fa gd 7 
g Here the ares Ay, are the fum ns diff. of the arcs „De, LAmas 


214. The co-f, of the ſum of two arcs "Gi, of tan. of one and'co-t. of other 


e-. of the diff. of the arcs "ſum of ran. 446 one and co- t. of other 
taking the tan. of the ſame arc. 50 


For z — (212. And? 1 A,, 4,4 
. 5 tz Aa $,@—s, A EY e HA +520 e 
| Then Ae (== . | | 

„AT t, f A- \ 254” Ta 


_ Here the arcs A, 4, are the ſum and diff, of the arcs .. 


215. The ſine of the ſum of two arcs, into radius; is equal to the 
- ſum of the products, of the fine of the greater by the co-ſine of the leſs, 
and the ſine of the leſs by the co-ſine of the greater. And, | 
hne fine of the difference of two arcs, into radius; is equal. to the 
difference of the products, of the ſine of the greater by the co- ſine of the 
leſs, and the ſine of the leſs by the co-fine of the . 


For I S „A =. . Here LIT; Lee and 2 1 
iS R X Aa H= * Th 2 Aa (182). 


are the arcs. 


| Henc RX GA (the rr ev | 
| 8 CR N z4 {the Gf.) TJ * 95 142 —, Ang Xs 3z A+as 


- - 
a = Motos obo es 216, Th 
— * 4 * —_ * 50 - „ o = — 1 ro ; | 0 2 
* 1 
* 
* . 
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216. The co-fine of the ſum of two arcs, into ar is equal to 
ho difference, between the product of the co-ſines, and product of che 


7 fines, of thoſe arcs. 
The co-ſine of the difference of two arcs, into radius; is equal to 
che ſum, of «he product of the co-fines, and product of the yy of 


f thoſe ares. 
For — NAT T= „N= (174). 
LR „a — 15 Hr * = 6481) 
the arcs. 


A and: - being 


Then 32 (the ſum) „YA a „E- 
9 1 N14 (the diff.) =s, 15 Ta = H tHe . 


| Radius, leſs the co-ſine of an arc _Square the tan, of half that arc 


1. Radius, more the co- ſine of an are * of the radius. 


n crx 2 any 


XD AT. (195) 


128 


IPD, „ITZ | tt. | 
Ka A RR 


23 


2 18. The ſum of the fine & co- ſine of an aſe _ VP radius 
diff. of the line & co-ſine of that arc tan, of diff, of that are Xxx 4 = 


The ſum of rad. and tan. of an + ©, Tan radius 


e diff. of rad. and tan. of that arc tan. of diff. a — RIS" 
1 For if A+a=90?; then Za=45%—az and 44 845 


Alſo $,@=5,A,; $a=S,A: and „An NK AL. [III. 33) 
A . h 5 2 
Then — | 212 
T | $ 205 wy „ — | | ( 
| O $ „ATA 745 — 4 2 . 8 
N e hes $45 8 Anas 1 


249 = Ul. 3 1b; X 5 ART SA. =) „AT SAR 
”— =( ( 7, AXS AER A t, Ax s „A- „AxR! 


— — 
- 


Agi. 
| | Lad GAA HAS, 
; en( wo TEEN phos. 8 


— 
* 


— 


RY 


2 


2 This mark 60 them the difference of the values! it ſtands between 


8 


— — — 


La tf "= Ad as (191) 


N 4 219. The 


©" = — 


- 


Or 5, X An * 5 2＋ 3 Putting 22 r X= 8. 


| * No — of 
8 For 0 2EE (193 197)= D * 290 put T. 


1 ere ese, Fo Iv. 


219. The difference of the co-ſines. of en, is e to be dif- 
ference of the verſed ſines of thoſe arcs. 


220. Tbe e of the ſines of two arcs, is . to the product of 
half the ih into the * ir the ans, of the fu and dif- 
IR of thoſe ares. | ia Pte 


5 


221. The product of the Fiat of two arcs, is eqhal to the product of 
half the radius into the difference between the verſed _ of the fum 
and W * woe arcs. 


That} is, w@XGx=(in * TER "A 220) = FEE XR. 


| v7 TR Pong (219) 
if oe of the ſine of an are 
2, Hal = 
= : Ha ; f th e veried ſine of twice that MS, 5 8 (193) 
by Au of the co-fine of an are | 5 al! ) 
ſup-verſed ſine of twice that 3 Arc LED 97 


product of the fr nes of two arcs 


if. of ver, aa: of the ſung and diff, of thoſe arcs. 
= . Bs, 21 


a8. 


\ 28 The . of ae of the 3 of the ſine ** co-t. of of an arc 


- ſquare; of the co-ſine of that arc 


ee, eee of ares of the co- ſine & tan. of an arc 
5 Toons of, the line of that are + 


* 7% ua: — WE 62 EY 


* 


4 


224. The product of radius, ind 1'the Se of an arc, is at to the 


| difference of the ſquares, of the ſine and co-ſine of half that are. 


Then +5, Z—R 142. 9 $ — 9 
— —ůů—— —-A2—- 
f R ＋ 3Z+R—S,Z 55 Tk 


22 — om 46, 2 | L K e eee 
2 7 (ll. 1170) And ua ef-. 


Rd a Abe . 


P * 2 


By compolion die.” 


- 


r 


S +532 X 7. (II. 1 19). 


. In 
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In any ſpheric triangle ABc, if in the ſide cs produced, be taken wh BD, 
each equal to BA, and BG be drawn at right angles to ca. 
FO 2 9 3 5 — AO of the legs including the angle a at B, 
cg and AG are the ſegments of the r | 
baſe, or fide oppoſite to the angle 
B. L. A and Lc are called baſe 
angles Z ca, LABG=c are 
the vertical angles. 0 
Now a very great number of relations 
may be formed between the ſides and 
angles; ſome of which are here enu- 
9 merated. oy | 


1775 * 


1 


22 * The ſines of the legs, are as the ſines of the oppolite baſe angles. 

That i is, „BS: „BA:: HA: SC. [. 10) 
. 740 ſum of the ſines of the legs__ ſum of the ſines of the baſe angles 
diff. of the fines of- the legs diff. of the fines of the baſe angles 
T8 compoſition, | ; 


226. The co-lines of the baſe angles, are as the ION of the vertical 


Wr e 4: 50 : | (2d of 122, and ad of 124) 
ſum of co-ſines of baſe angles. ſum of the ſines of vertical angles 


Hence diff. of co fines of baſe angles diff. of fines of vertical angles 
9755 compoſition and diviſion of ratios. 


227. The co- ſines of the . are as the co ſines of the adjacent ſeg- 
.ments of the baſe. 
That is, „C: , BA:: CG: A0. (3d of 121, and 2d of 123) 
Hows ſum of co- ſines of the legs = ſum of co-ſines of baſe ſegments 
ence "LR. of co-lines of the legs diff. of co- ſines of baſe ſegments 
Ei * and diviſion of ratios, 


15 . The 3 Fe, the 1 are as the . of the adjacent 
vertical e 
That is, £,Bc : , BA: 3 (2d of 121, and 2d of 124) 
ſum of co-t. of the 06 ſum of co-fi nes of vert. angles : 
diff. of co-t. of the > legs diff. of co-lines of vert. angles 1898 | 
poſition and diviſion of ratios. 


Hence 


229. The tangents of the logs: are as the co. of the bee vertical 
angles reciprocally. 
Hence ſum of tan. of the legs ſum of co-ſ. of vert. angles 


dif, of tan. of the _ "diff, of co-h of vert. angles by comp. &e. 


-_ 


230. The 


* 


6; SPHERES do rv. 

230. The ſines of the baſe ee are as the bangents of the ad- 
Jacent baſe angles reciprocally. ats 

That is, c:, K:: (£50: HA: TOP HE; (24 of 122, and Fl of 123) 

a e fum of ſines of baſe ſegments fam of tan. of | baſe angles 


© Tiff, of fines of baſe ſegnietits © i tan. ng 
"bp compoſition and diviſion. 3 G2, 2 f 


2 3 F\ SJ. 


231. The tangents of the baſe ferns, are as the tangents of the op- 
ſite vertical angles. 


That is, cc:, ad :: ta : 66. 5 128 1. 1 8 (208) 
Hence ſum of tan. of baſe ſegments__ ſum of tan, of vert. angles. 


diff. of tan. of baſe ſegments diff. of tan. of vert. angles 
* compoſition and diviſion, of ratios. 208 odd) 00 


232. The tan. 0 of half the ſun &fthe legs tan. of half the mum of the bale ang. 
355 tan. of half the e diff, of the ee: fan, of half the Gif. of the baſe ang, 


. . 15 cn 


For 2 „64 65 BA_ A+ 5, +he (225)= 5 


235 The 3 of wa of bats ſegments _ tan. of 3 L if. 1 Oy * 


tan. of f ſum of the legs tan. ofZ if of the baſeſegments, 4 
For e ee (a i= D (g12z) 
„e e (am7)= = LY onal ( ) 


5 t. 2 — 4 1528 + Ca BA Vr Gr , | | 
Then — === 22 U. I 2 4» III. 37) 
0 7 EN | 45) = 155 TB+BA® 0 37) 


4 - * 4 
* 3 * : n +438 


Ids. 


©” x FG of dur. ot hea tan. of I diff, of vert. angles. . 
oy _;co-tan, + diff, of vert. angles 


* - 3 * # » rr 


tan, of & ſum, of vert. angles N 


Ws Fc AAA * ** „ .- 
For . Um 0192 FI, 1 226). =) = * h 


N ”" # - 25 
*. f 10 


5 e 1 lum r ee 10 Ar. of baſe ates, 
225 The tan. of 2 in of the baſe angles” tan. tan. of 1 Af. f yert. angles* 


For | = HELPA (4 12) ee =) IE an 


— The ſine * ſum of 3 of 1 ſum of vert. 1 


the e ds, 
| „1 Nr „e 11 = th m. | 
Howes: BE = Da e 145 = Tre Et « 37) 


— 


. +I ER tc TIA. 


A S*; * 


ſine of ſum of the legs _ ſquare of co-t. of 2 2 fun of of vert. angles 
line of diff. of the legs” tan. 4 ſum, i into fan. | dift, « of baſe 2 - 5 


ä g . + A Ext A—C yang Ss | Fw 
5 155 258 = e. gy i (235) 


ü „are | 
5 oF! 2 GIAIEXHSE — 
8 Then rl „ 22 P . — e (234) 
FG tete : „re. | (1 151) 


. Fine of K 2 the Giri of legs co⸗ tan. of 2 z the ſum of vert, angles | 
237 The fine © of X the dift. of legs” tan, of the diff, of the baſe angles. 


1 Ns ff 
For FOR = e And 14 2 — „1B (227 i 
bd N „a 55 — 881 = 
: Then 5 Mot: X , TX 5 — * an — (0. 156) F 


Ant 1 Ar a «<< C 2h] BCTBA 
| It, FAC a 


552 1 7 1 7 
105, 1 Ten === 
( ”_ 99). 1881. r == 


. 


228. Th co of 4 ſum of the gy. co-t. | of 2 the ſun of vertical angles 
LO” © cok; of diff. of the legs” tan. of 2 the ſum of the baſe angſes 


: | For ; 74 Pk LEY | — 5 BC-FBA 8 (230). And 2 2 —5. D (232) 
are X GEA=C b HLASC or 2803 BA 
So Oh f SOLE Rh Xt, . | —SBCEBA N f 2 1 J. ; 


| | | 3 2 $\EBCEBA 101 1 Then $S\ZBCEBA „, 2 2 Te a T 0 
Ar r — Fer. 
And 5 455 = e 25s e . 97) „BN 7 ZAC 


The two laſt propoſitions ſolve the problem where two ſides: and the in- 
| cluded angle, of a 1} ores triangle, are given to find the other angles. 


: Gr where two angles and the included fide are iven, to find the aber 
ſides, uſing the og angles for legs; the given {ide for ſum. of vertical 
5 3 = other ſide for baſe _ i 


4 - k 
wor? | . 6 * 
r 4 4, < NN — — 
» dar 4s da — 8 N ONE a... a — — 9 — 
* WP * % 


N * 
* & 


In art. 237, 2 28d; the 1 were gained from this principle, namely, 
dt {he Ades of en Auares, are in the ſame proportion « as thoſe ſquares. 


* 


239. The 


„ $P HERACS . 
239. The co-ſine of an \ angle, i is to cadives ; : 
As the radius into c-. of the oppoſite ſide, leſs the produc of 


the co-ſines of the including ſides, © 
To the product of the lines of the ah Sang ſides. | 


* 


17 „CN, A : | 
And 6 9217 e 8 zAC x Xs * Fra TNG. (Il. 46) 


* 


AB „AB 
Dee: e ae * era + Ip* ode. 


E | | RN, Bc, AB NS, Ac 58 84 X3,AC | 
5 „ Therefore re — - * AGES _ 2 ns. 
| a RN PE, KNA. 5 AG We X 
| Then de 1 5 "x. 16 = 
| & 5 „A K A 1 5 15 3 
1 | 2 OR RN 
| FA Burg Le ligt Ang 246 = Xhan= = ſs . 
| 1 Rf TA 55 . 
3 "6k: Then 2 45 nana 1 a An eisen, AB 
; S3zAB;. Men. EDO Ls en 
e Webs Ae KD 
9985 Hence e — nee *. 


8 98 
| 460 The verſe fide of an angle, is to the fame of La, 4 
a 2s the diff. of the verſed ſines of op. fide, and diff. of including ſides, 
| To the product of the fines of the ſides n. that angle. 


N BE—HACXH AB 2 * * | 3 
2 . 3 
| For ( 3918 S,ABXSAC * R 
| Therefore. RR ne- * 15 Ac * 3 AB=ZR Mey AC * 55 954 Ac X5, AR 
5 „A | | „ 5 
Theresoren KR Xs Ne + AC Kd d Xs Te X FAB XR. 
3 5 The = ATDAB RR. $550) 
Then „Ae x6 ku Xv,A=(LRXS,CD—RR X 5 \ne=ſF; \CB—5 50 XRR. 
* 
ö — v, CB 15 
| And 2 — Ge N e 5 zCD W | 5 (219) 
| „ Te FEED. an Ka AB £4 1 ** 3 5 # 
* yi 4 * 
"ARR : 242. Hence 
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VzA — Gre v, nc, 
; 14 A when R=I. 
24h Hence 2 2R „e-, A iT * vg CR ns aa 

For Fac X „she X ee (20er 175 . (At) 


Then — __ Ms x 6,4 =) 22 
 EE—2,0D” RR 2R 


243. The verſed fi ne of the ſup. of an 3 is to 3 of radius; 
As the diff. of the verſed ſines of the oppoſite ſide, and ſum of the 
includin heme 5 


To the product of the 20 of the ſides including that i angle. 


NDS n 80 F. Ac & AB SA U, H=—R 
For 0 2 ok. — = | ==] — 


Therefore RR Xs bc „Ac x a h AB XV A—R KA AR 


2 


Therefore RR Xs ene * AB Xv „AR Xs FAC AB, AC X „AB. 


— 


3 *) un * ex. (216) , 
* Then RR 8 * g * XV v, . 


And — VA BC BE -- 'V,CE=—V,BC 
A Sy ACXHABT FAC XS AB + 
| „A U, c ER, CB | v, c, cn 
; ee Inno _ when RI. 
244 Hence zu c- Or } 2 che | 75 
For („Ac X GABE *in * ebene ee, x =. ( 243) 


8 


- 


w,CE—U,CB ERXV3A _ | Ws - 
UCE—U,CD © OR 


as The ſquare of the fine of half an ahi is to we Kore of the ra- 
dius; 

As 2 radius into the diff. of the verſed fines of the ſide oppoſite, 
and diff. of the ſides including that angle, 5 

To the of the lines of the ſides en that angle. | 


| U,CB—V. cD ü | | 
r. 0 3 N 22) = 5 ACX AB RR, | | | (24 ) 

„4 cs „ ep | 3 

een -RR „AC & „AB as „AC & „AB *in. (219) 


246. Henee 


—— 


re 


\ 


[4300 
i 246. nene 2 * ME mak 


2 — 
3 
- = > 


SPHERTCS. 


HAC NAB 


Ae X „AB 3 


HACXHAB 8 


| Book Iv. 


- (181) 


. — % n ; becauſe CD=AC—as 


N 1 Parting 2 zug Ac 40 AB + BC. 


247- The FO IDEN of the co-fine of half a an en is to o the fas. of aus; 5 
to the diff. of verſed lines of the ſide e, and 


As F radius 3 
ſum of the 


ncluded fides, . 


To the product of the e of che ſides — that angle. 


x 


A 
z& 


5 2 "IA ban mee 


(22 ** „A e 1 


Then 


OO EA - 


-RR „Ad NAB 


* = = KA X je. 
— X = B. 


- | 
248, Her OAK 


IAC XIAB | I 


= GAO X „AB 


Bk + 4 6. 


JAC gen 's 


, H N HOI _ 


( 
9 0 


(477). 


2 . For enge. 


- Putting leut: BO. 


249. The ſquare. of the tan. of half an hair is to the Tones of „ ; 


As the diff, of ver. ſines of the ſide op. and diff, of including ſides, 
To the diff. of de of N and ſum of including ſides. 


98 ne * „N 5 


v 93 92 5954 „„ eb. 
For 22 ATT SET > (988) _ 223) = => 5 
2, i 9 TY 
5 250. Hence! — 5 188. . 


erb X 5,1 X 5, ET Te 


»LCBAC+AB.X5FACHAGCHTS - 


_$,H—AB X SH "AC | 


* * „-= 


| (247, 243) | 


(219,181) 


— 


From the articles in "the three laſt | pages may be deduced many rules 


for ſolving the problem, where the. three 


9 from the ihre n en to ks aide. 


- 


- — 


des are given to find an mach 5 


a - 


251, When 


1 
— wo 
. = 
v 1 
4 . i 


23361. When. two des * the included 1 are given to find the 
--.-third fide : Or when the three ſides are given to find an 2 for theſe 


rticular caſes there have been given . by Sir Jonas Moore, 
in his Mathematics, Vol. II. page 383: Alſo by Nicholas Facio Duillier, 
in a ſmall tract of his, which is very ſcarce; and by the learned Dr. Pem- 
berton, in the Philoſophical TranſaQtions &e the year 1760: The prin- 
ciple employed by each of them is the ſame as in Art. 245; which will 
be here illuſtrated on account of its utility in ſome aſtronomical ſubjects. 


In the triangle ABC, where DAN AB, 
Siven AB, AC, LA; Mb wb AY 
Now 5 LA BE 3 2CB © 25,0D © 
| 8 
R | „AC XHAB | | 


55, LAXHAC Nu, AB | 
— * — 2 len « £5,008 N 


(2455 


5 . [4 
a 4 s, 
? _— i = 
4 L 1 ? 
| | 4 D 
” : I 


T4 


Fe Then : 2, ee. 5 V 
pre the following practical . . Cc 


bw 252. I. To twice the bg. fine of ha if the. given . 
Ad the log. fines of the two containing ſides; 
The ſum, abating three radii in the index, leaves the log. 14 an arc. 
From twice the nat. fine of that arc; take the nat, 2 . ng-of the the di ie 5 the | 
ven 
* 1 — the nat. co=ſine of the third fide, or of i 170 ſupplement. 88 
283. II. But the fide required W be found without the uſe of natural 
lines. Thus 
To twice the log. fine of half the given angle, | AH: 
Add the log. fines of the two containing ſides ; * 
From half the ſum 4 theſe logs. ſubtract the tg. ſing ine 7 bal 105 th aff of 
| the 3 
Ad the remainder is the Io tangent of an arc; 
The log. fine of which arc, Taten From the ſaid ha If ſum of logs, 
Leaves the log. fine of half the re ? cgi fide. 
Take the Example uſed in the fix caſes of oblique ſpheric triangles, 
Where ac=87 11, aB=56* 40; 4a=125* 20/ 
Required Bc, which was there found to be 114 30. 


5 Given 4. 125 20 ; OL 5 

5 Its haf = 62 65 . „ * 45 
One fide = 3 2 | NO — Log. fine. 9,99692 
LEG = — — Log. 4% 9.9294 
Are found 40 40 533 its nat. t. fine 65467 (256) 9.81602 


RN "> SED its double 130934 
e, =. 26 30 the nat. co-fine 89480 


55 1 30 the nat. co fe 41454 (257). 
qi ory 39 ON, „ 40 art 5 5 


| 
li 
1 1 
| 
'! 
(| 
+ 
| 
j 
1 
14 


| 
| 
| 
| 


— 


„ en Nies, weary: 


The faid Example wrought by the ſecond Rule is is as en! 3 


4 


| Exam. Let the three 


Bafe 18 1140 30" 


_ Given 4 = 125 20 


X e 
| 994858 Soni hy 1 
Nr 4 bog fue 9.948 4 „„ 
One ſide = 83 11 log. fine 9,99692 er en tte 
Other fide = of 15 . dN 9.92194 e e 1h e 
F OO og oo 
fg 19,9801 balf fum toy | 19.9080 | 
2 diff. des = 13 1554 9.36048 5. 3% 
">. 74 10 20 tan. 1054753 Lok. fine 174 10 998320 
9 N ; Log. fine of 57 3 1s. Ig 
5 | The c ſide = 114 30 | 


| When the three "0 are given to find an angle; 


254. I. To the nat. co-ſ. of the ſide opp 9p tte the reg — angle, add the nat. co -/c 
n 


of the af of the ſides about 2 4 half the ſum is the . ne of an arc, 
To the bog. fine of that arc, add the bred comps. of the log es of wy * des 
about the required angle, and alſo the ralius. 295 

The half of this ſum is the log. fine of half the angle ſought. | 

Or without uſing the natural ſines. 1 


255. II. To the log. fine of half the diff. of th; Ades about the angle, add the 


arith. comp. of the log. fine of. half the ba aft the ſum is the bog. ſine of an arc. 
To the hg. ca-fine of this arc, add the hg. fine 4 half the | 7 2; rejed ra- 
dius from the ſum, and to the double of what will then remain thor the 
arith. comps. of the bog. fi fines of the contained Sides. e 
Ha the ſum is the lo ys ine of half the angle. e 

des be Wit 39) ac=80* ir, an=sb* 2 
Required the angle Aa. I nh te 

; By I. Rule | Fr 


Its ſupl. 1 30 nat. confine =. an\t6. (256). 


Diff. ſides 31s nat. ©Oel. . JJ. COT Is On 

Sum N l Rad. 10,00000 

Hate! is the nat. FIR 6 85474 ar arc 40% 54 log. fine 9,81607 

Arx. co. log. ſine 83 11 0.00308 

Arx. co. * ſine 8 . o, oy do 

; „ 080721. 

"Half ihe angle foug hx. 62 o o . fine 9,94860 

„„ By op Role. i * 22 7 7 100 5 
iii, e node 
Aue = 57 15 Ar. Co. L. fin, o, 5 18 log. 6e. 992482 
: 3 fine 15 495 an ae 2433855 log. 6b! 15% 494. 9.98322 
5 ns . „ n 
Angle ſought is 125 . | | 
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As the natural fines of arcs are not contained in this work, and are on 


Tome occaſions neceſſary, it will be proper to ſhew how they may be * 
from the Logarithmic tables contained herein. 


256. Firſt. An are bung given, to . its natural fe ne to five places of eurer. | 
Rule. Take out * Log. fine of the arc, rejecting the Index; _ 
Seek theſe figures among the logarithms of numbers; 
The correſponding number is the natural ſine of the given arc; 
which is to be reckoned as a decimal fraction of the FRO, or 
unity : 
Prefixing the Seema comma (,) if the index of the log. ſine was 93 
But if the index was 8; 7; or 6; prefix ,0; ,00;3 or ,000 3 by 
which means the left hand digit of the natural ſine will ſtand in 


© the place of the firſts, ſeconds, thirds, or fourth, (bh 18) 

Ex. I. Required the natural ſine and co-fine of 4* 227? 
Log. ſines ſine 8,88161 Co. ſine 9,99874. 
Num. or nat, ins | 007614 . 10 
Ex. II. Required the natural ine and co-ſine of 2835“? 
Log. fines fine apt th Co-ſine 9,94355 
Num. or nat. fines 0,47844. 0,87812 


If a given log. ſine is foùnd in the table of logs. of numbers, its natural 
number conſiſting of four places is ſeen at ſight; and its right hand place 
is o when the index of the log. ſine was 9. 5 

But if a given log. ſine is not found to every hewe i in the tables of log. 

numbers, its 5th, or right-hand place, is thus found, 

Take the diff. between the log, num. next greater and leſs, than the 
given log. ſine; and alſo the diff. hot ween the given log. fine and i its 
next leſs log. numb. _ | 

Ihen, As firſt diff. is to 24 diff. ſo is 10 to the digit for the right 

hand place. 

Thus to 4? 22% the nat. fine is-0,07614 and eo; ine i is 0,997 10. 
But to 283% the log. ſine and co-f, does not s exactly among 
the log. numb, _ 
And the above-mentioned two differences, for ſine, are 9 and 3; for 
co- ſ. are 5 and 1. 


| T heng:3::10: 35 the 5th place, And3:1::10: 2, the $th place. 


x 2 57. On the contrary, 4 natural ft ne being given, its correſponding arc may 
be thus found, 


In the tables of num. and logs. enter with the natural ſine as. a num. 
nd take out its log. 


Sek this log. in the table of low ſines, and the correſponding. de- 
grees and minutes ſhew the arc required. 


Prefixing the index 9, 8, 7, 63 according as the left hand digit 
ſtood in the place of firſts, ſeconds, thirds, or fourths. 


What has been ſaid gf the nat. and log. fines of arcs, is alſo appli- 
cable to the nat, and log. tangents of arcs, 
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e Solar Aﬀrronomy, = =, 


' 1; A STRONOMY is a ſcience which treats of the motions and 
= _ diſtances of the heavenly bodies, and of the appearances thence 
ring. * | Fg ES BA . e 
There have been great variety of opinions among the philoſophers of 
preceding ages concerning the ſituation of the great bodies in the univerſe, 
vr of the poſitions of the bodies which appear in the heavens : But the 
notion now embraced by the moſt judicious Aſtronomers is, that the uni- 
verſe is compoſed of an infinite number of ſyſtems, or worlds; in every 
ſyſtem there are certain bodies moving in free ſpace, and revolving at dif- 
1 . diſtances ar ound a SUN, placed in, or near, the center of the 
ſyſtem; and that theſe ſuns and other bodies are the ſtars which are ſeen in 
e heavens. bo tq 3 5 1 * „ | 
2. The SoLar SYSTEM, ſo called by Aſtronomers, is that in which 
dur Earth is placed; and in which the Sun is ſuppoſed to be fixed in or 
' near the center, with ſeveral bodies ſimilar to our Earth revolving round | 1 
him at different diſtances. This hypotheſis, which is confirmed by all BT 
the obſervations hitherto” made, is oY the COPERNICAN SYSTEM, 
. 35 ak e — 


= G ; A 


„ Ne 0 r Dock y. 


from Nicolas pernicus aiPoliſh Philoſopher, who abut the year 1500 
_ revived this notion from the oblivion it had been buried in for many a es. 
1 5 Stars are diſtinguiſhed into two kinds, namely, fixed and wandering, 
4 3- The Fixer STars. are the ſuns, in the centers of their ſyſtems, 
1 Hiding by their own light; and are obſerved to e always the ſame 
ſituation 1 in reſpect to one another, 
44. The fixed ftars appear of various les which is, undoubied] occa- 
5 ſioned by their different diſtances; theſe ſizes are uſually 7 ray into 
| bx or ſeven elaſſes; called Magnitudes 2 T he largeſt, or brighteſt, are ſaid 
t be of the FIRST MAGNITUDE ; thoſe in the next claſs or degree of 
_ brightneſs; are ſaid to be of the s õ—U¼ç,ù MAGNITUDE; and ſo on to the 
leaſt, or thoſe juſt diſcernable to the naked eye. But beſides theſe, there 
* ſcattered throughout the heavens a great number of other ſtars, called 
Ter.gscopic STARS, becauſe they cannot be ſeen except through a tele- 
ſcope. And, indeed, it is to the aſſiſtance of that moſt admirable inſtrument, 
that a great part of the modern Aſtronomy owes its riſe; which will 
tranſmit with honour to the lateſt poſterity the name of GALILEO, among 
whoſe many inventions the teleſcope 1s ranked. | 
5. Although the viſible fixed ſtars are probably at very unequal diſ- 
tances from the center of the ſolar f/tem, yet Aſtronomers, for their eaſe 
in computation, conſider them as equally diftant from our Sun, forming 
te ſurface of a ſphere which incloſes our. ſyſtem, and is called the CE- 
© VESTIAL SPHERE. This ſuppoſition, with regard to the Solar Syſtem, 
may be ſtrictly admitted, conſidering the immenſe diſtance even of the 
neareſt fixed ſtars from the center of the ſyſtem. __ 
6. A CONSTELLATION is a number of ſtars lying in the nejahboarhood 
of one another on the ſurface of the cele/tial ſphere, which Aſtronomers, 
for the ſake of remembering them with greater eaſe, ſuppoſed to be circum- 
ſcribed by the outlines of fome animal, or other figure: by this means the 
motions of the wandering ſtars are more readily deſcribed and compared. 
The number of theſe conſtellations is 80, each containing ſeveral ſtars | 
* of different ma nitudes. The number of itars of. each magnitude, and 
alſo the conſtellation in which they are ranged, are contained in the fol- 
lowing table; where it may be obſerved, that the conſtellations are diſtia- 


guiſhed under three heads; ne in the zodiac, and i in the n. 
And ſouthern hequilpheres. | 


nd 


7: i Consmeitations 1 THE, 20 pe. 

We 515 | Marines | Nada, EE . | 
„ 48 No | IEE . 
Northern. 755 f | Southerr, Þ* 15 reits Fe | 

| Aries. K 46 O 36 Libra 2 — 331 Ol. 211 8 311 5 
ITaurus. og 1 Scorpio. Im 44 11 30 6-114] 515]. 
Gemini. u 94 1 Sagittarius. f 48} of 1591 1½2 

75 0 * 58.2594 
93} 1 Fides. | [> 19 9 91 5 
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8. NonTusnn ConsSTELLATIONS. | 
C FA , | 
| n | HET G4, een 
4 | . 5 Magnitudes. | : | Magnitudes. . 
1 ——B 8 AR Tg | Names. 11 FR 
- A | 2 * NES > v [V1 2 14111 Vi 
— ſ——ĩ———ů— 4 —-—. —— FR JS ST — AO FO 
Little Bear. | 72 0 21 1 4 3] 2 ]Camelopardalus, 230 oj] of 057 11] 
Great Bear, | ro5| Of 5} 5113049 Serpent. JI ol of 1] 7 | 6| 513 
Dragon. e hs! I 7] $p10]23 Serpentarius. 674 of 1] 6. [12 175˙ 
Iepheus. 40]. O Ane bo Sobieſki's Shield, { 8] o| of © | a} 33 
Sreyhounds. 1424 ANA" 16 [[Zagle. þ 29] 1] of 5 | 1] 418]. 
Bootes. 5 ieee Antinous. 1344 of of 5 | 2| 7% 
| Mons Mznelus. '| x22] of of ©| 14 &j10|[Dolphir. . [:3] 0] ©} 6.| of 2jro 
[Berenice's Hair. 1424 es 6} $j10 [|Colt. : 705 oj] of © | 4 1 7] 
n. 1 3i of 2] of of of 2 Arrow. . 1x33 o| of © | 4} 1] $ 
Northern Crown, | 11] of x} of 6] 4} 1 Andromeda. 1466 © 3] 2 1016035 
Hercules. | 92] of of 12j12[28!40 || Perſeus. 671 1] 1] 5 [10'14{[36} 
Cerberus. | >. .99- 9% oj. 06-21: $ Pegaſus. | 81 0 314911 54] 
Harp, | ] 24} 2] of 3 2| 8jr0 [|Aurigas | 6] 21] x] x 25 
ls | 7 | + 910925 
wan. Dy j 73] 2 7} $13 542932 FY n.. + [55 of of 186780 
Fox. 129 of of. of 6]11112 Little Lion. 20] 0 of 1 | 6] of 8. 
Gooſe. Je oe 2] 8 Great Triangle. 10] 0] o| o 3 31-61. 
Lizard. 585 19 of of. of 4 Little Triangle. | 5] © 9 o o of 5A 
{Caſhopea. OS $2{ © of $f 7] 7133 |[Muſca. SpA POR Fs o| of. 2 (2 2 if 
9. 80 UTHERN CoNSTELLATIONS. 
| | 5 5 Magnitudes. a Vin 1A | — Magnitudes. 
1 Names. A I — Names. = 6 — 
| | Fe ritt 11 viviſ] | *| ra 111 v VI 
i JOINT" X | 7 — —  — —— — — — | — ka — — — 1 — — — — 
Whale. {80| c| 2 8.13 1047 Peacock. 114] of 1]. 3 5 4 If 
Eridanus. 75 110 10124/1918 Southern Crown. 121 of of 01 3 | 
Phenix. 13 Of 1] $5] 5} © 2 {| Crane, f14] of 2] 1! 26 of © 
American Gooſe. { 9] ©] © 4| 2| 3] 0 || Southern Fiſh, 1511 of 219] 2 rf 
Dion. oh. 1093 2} 4| 319 $5150 | Hare, - 251 of of 4 9 4 8 
Monoceros. 32 fo erer Noah's Dove. | 101 © 2 ol 6 o 
Little Dog. 14e 0 2/10 {| Charles's Oak. eee 
Hydra. $53} ©] T7] 3114113{22 || Ship Argo. 48] 1] 6f 11013 14] 31 
{Sextans Uraniæ. | 4 ©} ©} ©} ©] © 4 || Great Dog. 129] 3} 5} Tf 4/19] s 
cup. 0 111 of of of 81 2 Bee. | 44 c| © of 2| 2 Ot 
Crow. 18 of of 2| 2| 2} 2 || Swallow. e 411 o| © of 4 3] 4} 
Centaur. 136 2] 6} 6/14] 8] off Indus. þizf cf © 4 61 21 
I Wolf. | 136 ©] ©] 3] 6118] 9 || Camelion. to of of of of gf If 
Altar. 9 3 1 11 661 1 Flying Fiſh, ' 7] <| of ofof6| x 
[Southern Triangle. | 5 © 1 2 of 2 © Sword Fiſh. | 7 0 of 2j 2! 1] 2 
C ; WE: Wh [stars 1 11 111 rv] v | VI | 
FS e WETe — — — — 
Conſtellations i in the W 12, contain 3 6012 gs | 
| 12} 38 
Northern conſtellations 36, contain [ oo 5021 8 dee 5 $9914 
2, contain | 
Southern conſtellations 32, Contain 706 9132] 750185 1880 2 i7h 
Number of ſtars in the 80 conſtellations | 28 45/296 5|205|48 5 4807 = : 
8 | 
7 8 Rye o 


As theſe I are Gund not to alter their ſituation in 90 988 to ono 
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other bodies 1 may be compared ; and therefore their relative irs have 


deen fought after with great care for many ages, and catalogues of their 


places have from time to time been-publiſhed by thoſe, who have been at 
the pains to make the obfervations. Among theſe catalogues, the moſt 
copious, and, as generally eſteemed, the beſt, is that called the uma | 
Gele/tis of our countryman FLAMSTEED. _ 

10. The poſitions of the ſtars being obtained, their relative places may 
be delineated on a ſphere or plane; and thus are the maps or charts of the 
„ made, and the conſtellations drawn inclofing their reſpective ſtars. 

here are two _ uſually called Celeſtial hemiſpheres, which ate pre- 


| fixed to this book; 5. the help of which a perſon; may readily become ac- 
iti 


BE with the poſitions and names of many of the principal fed ſtars, 

On a clear night, let theſe prints be laid ſo as to eorreſpond to the north 
and ſouth parts of the heavens; then the obſerver looking an the ſfars, 
and then on the hemiſpheres, will with a little practice know ſome of the 


| ſtars! in the heavens, the like poſitions and names of which be has obſeru- 
dd on the prints. 


11. The WaxnerinG STARs are thoſe hodtes within our ſyſtem, or 


celeſtial ſphere, which revolve round the Sun; they appear luminous or 


bright, only by reflecting the light they receive from the Sun; and are of 
three kinds, namely, primary planets, ſecondary planets, and comets. 2 
12. The Primary LANETS are thoſe bodies, which in revolving 


| round the Sun reſpect him only ; as the center of Kaz courſes ; the mo- 
tions of which are regularly performed in tracks, or paths, that are found 
by een to be nearly circular and concentric to one another. 


13. A SECONDARY PLANET, common called a SATBLLITE or 
Moon, i is a body, which, while it is carried found the Sun, does alfo re- 
volve round a primary planet, Which it reſpects as its center. 

14. Comers, vulgarly cafled blazing lars, are bodies which alſo re- 


volve raund the Sun; probably in as regular order as the planets, bur in 
much longer periods of time. From What is already known of them, 
+ they are many more in number than all the planets, and their tracks 


or edurſes pafs among the paths W the planets in a gteat variety of di- 


0 


rections. 


15. The Oabir of a planet or comet ĩs that track or path along which 
ir moves. | | 


There are ſix primary planets ; and reckoned in order from the Sun, 


755 their names and marks arc, MErcuRY JG, VENUS L, the SANTA 8 


or O, Mans uren u, SATURN H, 
Mars, Jupiter, and Saturn, a called SUPERIOR PLANETS, as "their 
orbits include that of the Earth; but Venus and Mercury, the. orbits of 


which are contained within the Earth, ate called INTERIOR PLANETS. 


16. It has been diſcovered by the help of teleſcopes, that there are ten 


fecindary planets ; the Earth being 14 TY by one, called the Moon, 


4 


| Jupiter by four, and Saturn by five. 


Saturn is alſo obſerved to {a a kind of circle, called his Rine, which 
_ furfaunds the planet at ſome diſtance from his ſurface : and Jupiter has 


Certain appearances, Which ſeem like 2908s r wow . Him 4 and 


"ole arg Called 3 Brus. 
Every 


Bock V. ASTRONOMY. gg 
+ Every primary planet is ſuppoſed to have two motions, namely, annzal - 


N 


and diurnal. 


17. The Ax wb AL Morton of a 9 5 is that whereby the planet is 


carried in its orbit round the Sun; w 
vation to be from weſt to eaſt. 


* 


ch in every one is found by obſer- 
This motion is diſcoyered by the planets changing their places in the 
FCegleſtial ſphete; upon the ſurface of which they appear to move among 
the fixed ſtars; and in certain times. to return 15 ſtars from which 
they were ſeen to depart; and ſo on continually. . 
18. The DwrnaL Motion of a planet is that by which it turns or 
ſpins about its axis, and is alſo. fram weſt to eaſt, 
This motion is diſcovered by the, ſpats that are ſeen by teleſcopes on the 


ſurfaces of the planets. The ſpots appear firſt on the eaſtern margin, or 


ſide of the planet, and | ppg move from thence acroſs. it, till they diſ- 

appear on the eſtern fide, or Labs after a certain time they appear again 

en the. calfern;lide, and ſo on. “! 

19. Each planet is obſerved always to paſs through the conſtellations 

Aries Taurus, Gemini, Cancer, Leo Virgo, Libra, cor pio, Sagittarius, 

| Capricornus, Aquarius, Piſces; and it alſo appears, that every one has a 
track peculiar to itſelf ; hence the paths of the 8 form among the 
ſtars a kind of road, which is called the Zonprac, the middle path of 
which the orbits of the other planets are compared. 

A .s the ecliptic runs through twelve conſtellations, it 3 to be 
divided into twelve equal parts, of 30 degrees each, called ſigns, having 
the ſame names with the twelve conſtellations which they run through. 

20. The EquinocTIAL Pol xis are thoſe two points of the Ecliptic, 


which, called the EcLieric, is the orbit deſcribed by the Earth, with 


oppoſite to one another, through which the Earth paſſes in its annual mo- 


tion, when the length of the day and night is equal in all parts on the Earth. 


One of theſe points, called the VERRNAL Equinox, anſwers nearly to the 
20th of March; and the other, called the AuTUMNAL Equinox, nearly 


to the 22d of September. 


221. The Plane of the Ecliptic is ſuppoſed to divide the celeſtial F here 
into: two equal parts, called the northern and ſouthern celeſtial hemiſpheres 3 


and any body in either of theſe hemiſpheres is {aid to have north or ſouth 
latitude, according to the hemiſpherg it is in: So that the LatiTuDE 


of a celeſtial object is its neareſt diſtance from the ecliptic, taken on the 


ſphere: 


Phe Planes of the other five orbits are obſerved to lie partly in the 
northern, and partly in the ſourthern hemiſphere ; ſo that every one cuts the 


ecliptic in two oppoſite points called Nonzs. One called the AscenD- 


IN Nong, marked. thus, LI» is that through which the planet paſſes | 
when it moves out of the ſouthern into the northern hemiſphere ; and the 
ether called-the Dzscgenning NoDe, marked thus, &, is that through 


which the planet muſt paſs in going out of the northern into the ſouthern 


hemiſphere. 


The right line joining ine tuo Nades af any planet, is called the Lig 
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22. The names of maſt. of the conſtellations, were given by the ancient 
Aſtronomers, who xeckoned that ſtar in Aries, now marked v, (accordin 
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_ It revolves, as the focus of its elliptic motion. 


ac ASTRONOMY. Book v. 
to Bayer's maps) d be the firſt point in the ecliptic, this ſtar being next 


the Sun when he entered the Yernal Equinox; and at that time each con- 


Relation was in the ſign by which it was called. But obſervations ſhew, 


that the point marked in the heavens by the Vernal Equinox bas been con- 
ſtantly going back ward by a ſmall quantity every year, from which cauſe 
the ſtars appear to have advanced forward as much; io that the conſtel- 
lation Aries is now removed almoſt into the ſign Taurus, the ſaid firſt far 


y having got. almoſt 30 o degrees forward from tlie equinox ; which dif- 
R 


e, is called the PRECESSION OF THE EQUINOXES, and the yearly 


x alteration is about 50 ſeconds of a "Hecht or about a degree in 72 yearr. 


23. It was ſaid in art. 12, that anets revolved round the Sun in 


orbits nearly circular and concentri@%* for the ſeveral phænomena ariſing 


from their motions ſhew they are not ſtrictiy ſo; and the only curve they 


can move in, to reconcile all the various «rigor is fourid to be an 
Ellipfis: So that the orbits of the primary plan 


ets and comets are Ellipſes 
of different curvatures, having one common focus, in which the Sun is 
fixed. But every 3 planet reſpects the primany planet round which 

For as no other ſuppoſitions 
can ſolve all the appearances that are obſerved in the motions ↄf the pla- 


nets, and as theſe agree with the ſtricteſt phyſical and mathematical reaſon- 


Ing, therefore they are now received ag elementary principles. 
24. The line of the nodes of every planet paſſes through the Sons For 


as the motion of every planet is in a plane paſſing through the Sun, con- 


fequently the interſections of theſe 1 wc that 1 * the ings" , the nodes, N 
muſt alſo pafs through the Sun. WEST e | 
25. All the 1 in their revolutions, are ſometimes nearer to; ſome 
times farther from the Sun: This is the coriſequence- of the Sun not being: 
placed in the center of each orbit, and of their being ellipſes. | 
26. The APHELION, or SUPERIOR Avs1s, is that point of the orbit 


. where the planet is fartheſt from the Sun. The PERIHELION, or IN FER- 


K10R Ars 18, is that point where it is neareſt to the Sun: And the tranſ- 


verſe diameter of the orbit, or the line j Joining the two apſes, called *. 
Lixs oF THE Apszs, or ASPIDESs, 


27. Fhe planets move faſter as they approgech the Sun, or come nearer 


to the perihelion, and lower as they recede from the Sun, or come nearer 


to the aphelion. This is not önly à eonſequence from the nature of the 
planets motions about the Sun, Viſt is confirmed by all good obſerva- 
tions. 
28. If a right line drawn from the Sun through any planet, viully 
called the Radius Vetter, is ſuppoſed to revolve round the: Sun with the 
lanet, then this line will 'defcribe' or paſs through every part of the plane 


bf the orbit; ſo thit the Radius Vector may be ſaid to deſcribe the ares 55 | 


the orbit. © 
29. There are two e . obferved in the Solar Syſt which re- 


N 17 the motions of all the PEW 3 namely, 


9447 u Ai 
1. The planets Heſeribe'equal areas in equal times: That W. in e por- 
tions of time the Radius Ye&or deicribes equal areas, or 1 tenet of 
0 | od contained 1 the planet' 8 erbitte“ 


41 77 — 
18 
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I. The e f the alice? times 0 mer of the ans are as the cubes of 
their mean diſtances from the Sun: That is, as the ſquare of the time 
which a planet A takes to revolve in its orbit, is to the ſquare of 
the time taken by any other planet B to run through its orbit; ſo is 
the cube of the mean diſtance of A from the Sun, to > the cube of the 
mean diſtance of B from the Ss | 
30. „ The "FR Devine of a 17 855 Holi he "=Y is its end 
** him, when the planet is at either extremity of the Scene diame- 
des and it is equal to half the tranſverſe. diameter. 
31. The foregoing laws are the two famous laws of Kxrizn, a great 
Aſtronomer, who flouriſhed in Germany about the beginning of the 17th 
century, and who-deduced-them from a multitude of: obſervations: But 
the fir who demonſtrated theſe laws wWas the Waere Sir ISAAC 
| N EWTON; | © 
By the ſecond Jaw, the relative diſtances of the planets from the Sun 
are known ; and were the real diſtance of any one nn the abſolute 
9927 17 of all the others would be obtained A 
32. Every thing already ſaid of the planets is found in a great meaſure 
to de applicable alle 
been made of them) as from the phyſical and mathematical conliderations 
of their motions” * 


33. Were the motions of the planets to be obſerved from the Sun, 


each of them would be ever ſeen to move the ſame way, though with 
different velocities ; thoſe nearer to the Sun running their courſes through 
the Zodiac in leſs time than thoſe at greater diſtances: And hence it 
would happen, that ſome of them overtaking the others would in paſſing 
by them appear to be ſometimes above, ſometimes below, and ſometimes 
as if they touched one another, according to the parts of the orbits in 
which thoſe planets happened to be with reſpect to their nodes. 
24. When two planets are ſeen together in the ſame ſign equally 
advanced, they are ſaid to be in Cox juNcTIoN: But when they 
are in direct oppolite m of the aten e are faid to be in Orro- 
Son,, 2 
5. As the planes of the orbits are inclined to one another, therefore 
n two planets happen to be in conjunction at the time they come 
near a node of one of 'them, they would be ſeen from the Sun apparently 
to touch one another; and the fartheſt of thoſe planets from the Sun would 
ſee the neareſt moving over the face of the Sun like a black ſpot, being. 
then directly between the Sun and the remoter planet; fo the planet Venus 
was obſerved from the Earth in the tranſits of the years 1761 and 1769. 
Alſo, ſhould an oppoſition of two planets happen near a node of one of 
them, the ſun, being then directly between them, would hide the light of 
one from the other. Theſe obſcurations, or interceptions of the light of 
the planets one from the other, are called EclipsEs. 
306. The place that any planet appears to occupy i in the celeſtial ſphere, 
when ſeen by an obſerver ſuppoſed to be in the Sun, is called its Helio- 
centric place : And indeed all celeſtial appearances, as ſeen TIP the Sun, 
gre called Oy Phanomena, 
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to the comets, as well from the obſervations that have 
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202 ASTRONOMY. Book v, 
- 27. The following table exhibits at once ſome of the moſt material con- 
cluſions that have been deduced from the obſervations hitherto made, the 
mean diſtance of the Earth from the Sun being reckoned at 1000. 
Faser THE Solar STE 
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. By all the obſervations made on the ſecondary planets, it ap. 
pears, 8 * "£4 2 ay belt his TN e 2 17128 42 . WE: | 
IIt. That the ſatellites revolve round their ſuperior planets from weſt 
to eaſt, in-curved-lined orbits like ellipſes, the primary. planet being in the 


Jocus, and one of the orbit's diameters directed toward:the Sun. 


| ad. That the planets of the orbits of the. ſatellites are inclined 

plane of the orbit of their reſpective planet. ellis cee the 
d. That, like the primary planets, they deſeribe equal areas io equal | 
of the mean diſtances from their primary planet, 


0 . 


. 


: 


two conjunctions . betwixt the planet, moon, and Sun: namely, once, 
when the moon is in that part of its orbit neareſt to the dun; and once, 
when in that part of its orbit fartheſt from the Sun: And an eclipſe 
may happen at either conjunction, according as the moon's nodes hap- 
205 to be poſited at thoſe times. For the plane of a moon's orbit is in- 


lined to that of its primary, and ſo makes two nodes: And he never 


One of the conjunctions, namely, that made by the moon's going be- 
yond the primary, from the Sun, is called the Surtx rog/Comuncrion ; 
and the ather, by the ſatellite on the ſide of the planet next the Sun, is 
aalled the Ivar OR CONGO NC oH. 


N * „ 
A F 


— 


4 
2 


1 5 | 


volution, and allo its mean diſtance from the 5 in ſemidiameters 
of it it. | 


Diſt. from 2 a diam. 114 f. diam. 15 ſ. diam. 36 f. diam. 188 f dm. 1 


0 | 
Nl The Moon. 29 12 —4 . "ne is dift, from the Earth bo ſemidiameters. | 


4 


fervation v. Now although Aſtronomers generally ſay that the planets 
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The following table ſhews the time taken by each ſatellite in its re- 
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| ele l a am 14 kb ami 
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30: V Of the Figure ant Light of the Planets 


That PR 'Sun and planets are ſpherical bodies is evident from all the | 


obſervations that have been made of them; and that the Earth is of like 
figure is not only deduced by analogy, but ſufficiently confirmed by ob- 


are ſpherical, yet they do not mean a Geometrical ſphere, but a figure 
called an oblate ſuheroid, which is ſomething like the figure that a flexi- 


ble ſphere would be formed into by gently preſſing it at its poles. Ob- 
ſervations haue determined this in Jupiter, and it is known that the Earth 


s of this figure both from obſervations and actual menſuration. 


That the planets muſt have this oblate figure, i is evident from this con- 


ſideration; that as they are of matter, and violently whirled on their 


© axes, all the parts would endeavour to fly off, like water from a trundled 


mop; thoſe in the equator moving ſwifteſt, have the greateſt tendency to 


depart : And although the parts are retained in the ſphere by the ſuperior 
force of gravity, yet the e diameters will be ſome hat increaſed, 


and the polar leſſened. 
41. The planets are all opake or dark bodies, and conſequently ſhine 
anly by the light they receive from the Sun: This is known by ob- 


ſerving, that thoſe bodies are nat viſible, when they are in ſuch parts of 
their orbits as are between the Sun and Earth, or partly ſo. Now, as 
all the planets ſometimes appear with a ſtrong light, therefore the rays 
they receive from the Sun muſt convey to them a degree of warmth pro- 


portional in ſome meaſure to their diſtance; which proportion is recipro. 


cally as the ſquares of the diſtances ; and this muſt be readily inferred 


from the heat which the inhabitants of the Earth receive from the Sun. 


42> As a planet revolves on its axis, every part of its ſurface wil be 


turned: toward the n and iſo cha its light. A heat. 


—— Cy to. i. -——_ 1 1 w— 
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FP 'Obfervarions - ſhew, that in ids of the moon the ere part is 
bounded by a circular curve; and conſequently the body, which caſts the 
Made, or obſtructs the light, muſt be bounded by a like curve: but as theſe 
obſcurations are cauſed by different parts of the Earth, conſequently its ſur- 
150 mul be Amira * circular figure, At is, it muſt be globular. 
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1 43. TRR IST RIAL ASTRONOMY is that which conſiders the motions 
ol the celeſtial bodies as ſeen from the Earth, which is alſo in motion. 


The motions deſcribed in the preceding ſection were ſuch, as would 
appear to an obſerver viewing the heavens from the Sun: But were he 
placed in one of the planets, ſuppoſe the Earth, and there obſerved the 


motions of the reſt, the Sun, and other planets, would appear to him to 
revolve round the Earth as a center; but the Sun would be the only one 


that moved uniformly the ſame way: For the other planets would ſeem to 
move ſometimes from weſt to eaſt, and then to ſtand ſtill; then they would 
ſeem to run from eaſt to weſt; and after ſtanding ſome time, they would 


again move from weft to eaſt, and ſo on continually. x 


44. The place in the celeſtial ſphere that any planet appears in, when 
ſeen from the center of the Earth, is called its GzoctenTRICc PLaceg, © 

45. The DixtEcT MorT1on, of a planet is that by which it appears to 
move from weſt to eaſt, and this motion is ſaid to be according to the or- 


dier of the figns, or in conſequentia. When the planet appears to ſtand ſtill, 


N 


it is ſaid to be STATIONARY ; and when its motion is apparently from 
_ eaſt to welt, it is then called RETROGRADE, or has a motion in antece- 


dentia, or contrary to the order of the figns. Theſe different appearances 
follow partly in conſequence of the obſerver being himſelf in motion 
while he is viewing the motions of the planets, and partly becauſe he is 
not in the center of the motions which he obſerves. 


4 6. The Phanomena of the Tiferior Planets. See Fig. 1, Plate I V. 


Let ABC repreſent an arc of the celeſtial ſphere ; EoP the Earth's or- 
bit; LN the orbit of an inferior planet, as of Venus; and s the Sun: 


Let the Earth at firſt be ſuppoſed to ſtand Rill in its orbit at E: Now it 


is evident that the Sun. will appear at the point B, and the planet always 
within the are Ac. Whilſt the planet moves in its orbit from 3 through 
Q to N, it will ſeem to move from B'to A in conſequentia + But paſſing 
from N to 1, it will ſeem to an eye at E to return back from A to B, or 


be retrograde, While the planet is at, or near, the point d, and moving 


as it were in a right line toward the Earth, it will for ſome time ſeem to 


47. When the planet is in that part of its orbit N or ©, which is 


Rand till near A, and it is then ſaid to be fationary. - s 


_ Contiguous to the tangent EA or Ec, it will then appear at A or c, 


its greateſt diſtance from the Sun, and is ſaid to have then the greateſt 


ELonGATION : This elongation is meaſured by the angle sEO. The 
more diſtant a planet is from the Sun, the greater will its angle of elonga- 


* 
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tion be; that of Venus is about 48 degrees, and that of Mercury about 28 
:gegrees. 5 IS 8 . 
In the ſpace of a revolution, the two inferior planets will, with reſpect to 


the Earth, undergo two conjunctions ; one when it is beyond the Sun at 


1, the other when it is at L between the Sun and the Earth; the former is 
Called the ſuperior, and the latter the inferior conjundtion. 5 

48. Whilſt Venus goes from her ſuperior conjunction, ſhe appears in 
the arc BA always to the eaſtward of the Sun, and therefore ſets ſome time 


after the Sun, and is called the evening tar. But during the time ſhe is 


going from her inferior to her ſuperior conjunction, ſhe will be ſeen ſome- 
where in the arc Bc to the weſtward of the Sun, and ſo will ſet before him 
in the evening, and riſe before him in the morning; hence ſhe is called the 
morning ſtar. . TO 


HFitherto the planet only has been ſuppoſed to move while the Earth 


ſtood fill ; but when both move, the foregoing phænomena will be muck 


the ſame, only the planet will be more direct in the fartheſt part of the 
orbit, and leſs retrograde in the neareſt; the former ariſing from the ſum 
ef their motions, and the latter from the difference. 


49. 07 the Phenomena. of the Superior Planets. 
1% | | | 7 | 


The direct, flationary, and retrograde appearances of the ſuperior pla- 

nets, are explained much after the ſame manner as thoſe of the inferior ones, 
but with theſe differences. n e 
Iſt, The retrograde motions of the ſuperior planets happen oftener the 
flower their motions are, as the retrogradations of the inferior planets hap- 


pen oſtener the ſwifter their angular motions are: Becauſe the retrograde 


motions of the ſuperior planets depend upon the motions of the Earth, but 


- thoſe of the inferior on their own angular motions. A ſuperior planet is 


retrograde once in each revolution of the Earth; an inferior one, in every 
one of its own revolutions... e 5 _ | 
2. The ſuperior planets do not always accompany the Sun as the in- 
ferior do; but are often in oppoſition to him; which neceſſarily follows 
from the orbit of the Earth being included in the orbits of the ſuperior 


planets, P x . 


/ * Mm Of the apparent Motion of the San, 
5 As a ſpectator in the Sun would ſee the Earth revolve through the ſigns 


in the ecliptic; ſo to a ſpeQator in the Earth the Sun apparently revolves 
the ſame way, but is always in the oppoſite point of the ecliptic : (For it is 


well known to every one, eſpecially to thoſe who uſe the ſea, that fixed cb- 
jects appear to change their place b 
are always in direct oppoſite points of the ecliptic. 
Now altheügh it is the motion of the Earth th 
variety in the apparent motions of the other planets, yet as the, motion of 
the Sun being known gives that of the Earth, therefore Aſtronomers * 
. a \ 2 = | | 4 O 


- 


\ 


y the motion of the obſerver :) So that 
the heliocentric place of the Earth, and the geocentric place of the Sun, 


at really cauſes a great | 
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ef the motion of the ſun; and in their computations uſe the quantities of 
thoſe motions as if they were real. C 
51. Beſide the various appearances that ariſe from the annual motion 
of the Earth, there are many refulting from its diurnal motion: For that 
_ the Earth has a daily motion round its axis muſt neceſſarily be inferred 
from the moſt ſtrict reafoning on the motions of the planets: and the no- 
tion, that bodies ſo immenſely diſtant as the ſtars are, really revolve 
round the earth in 24 hours, is now treated as a great abſurdity by every 
one who has rightly conſidered thefe things: However, as the motions 
are apparent, and the ſpeaking of them as real is cuſtomary and no way 
affects the concluſions; therefore Aſtronomers treat of theſe motions as 
JJ. TD 1 
52. Any ſphere revolving as on an axis, muſt have two points on its 
ace at the extremities of its axis, that do not revolve at alt; theſe 
points, with reſpect to the Earth, are called its poles. „ 
53. By the Earth's rotation on its axis from weſt to eaſt in a day, the 
furface of the celeſtial ſphere appears to move from eaſt to weſt in the ſame 
time; and all the celeſtial objects appear to deferibe circles in the heavens, 
which are greater or leſs according as they are farther from, or nearer 
to, the apparent centers of thoſe motions: For there are two points in 
the heavens which are apparently fixed, and the nearer any ſtars are to theſe 
points, the ſlower are their motions. Theſe points are called the CELEs- 
IAT Porzs; the right line joining them is called the Axis oF THE 
SPHERE, and paſſes through the poles of the Earth; the circle in the 
heavens, equally diſtant from the poles of the celeſtial ſphere, is called the 
EquixocTIaAL 3; the correſponding circle on the Earth is called the EqQua- 
TOR, which is equally diſtant from both the poles of the Earth. 8 
S884. As the Sun's rays falling on any ſphere enlighten one half of its 
8 ſurface; therefore one half of the Earth is always illuminated at once, and 
3 conſequently the enlightened. part is bounded by 2 great cirele, which 
mama be called the TermINATOR, from its property of terminating, or 
bounding, the verges of light and darkneſs. Now, by the rotation of the 
Earth on its axis once in 24 hours, there will be a conſtant ſueceſſion of 
light on all parts of its ſurface as they are turned toward the Sun, and of 
darkneſs in thoſe parts as they move out of his rays; and hence ariſe the 
viciſſitudes of Day and Nicnrt. 5 . 
55. If the plane of the equator coincided with the plane of the ecliptic, 
and the axis of the Earth ſtood perpendicular to it, the terminator would 
always pafs through the poles of the Earth, and there would be a conſtant 
equality of day and night in every part of its ſurface, except at the two 
| 5 eue, where there would be conſtant day. But the contrary” of this is 
. known to every one, and obſervations ſhew, that the Earth's axis is in- 
dlined to the plane of the ecliptic in an angle of about 66 degrees; there- 
fore the poles of the ecliptic and equator are about 23 degrees diſtant 
Y ftom one another; confequently the ecliptic and equinoctial, which in the 
w — heavens interſect one another in the oppoſite ppints of tries and Libra, 
3 make at thoſe interſections angles of about 23% degreees (IV. 33): This 
= Angle is called the OBt1QviTY oF THE EctieTic. . 
| he axis of the Earth being thus inclined to the plane of the ecliptic, 
nnd moving parallel to itſelf im all points of the-Annvar OR BTT, or 
„„ | red a ͥ e, 
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_ ecliptic, is the occifion of the inequality of days and nights, and of the 
different ſeaſons of the year; which two phænomena are explained as 


follows: | 


56. It muſt be obſerved, that the Sun will appear to be vertical to that 
part of the Earth, which is cut by a {ſtraight Tine joining the centers of the 
Sun and Earth. dee 15 
57. Now when the Earth is at vs, Fig. 3. Plate IV. the Sun appear- 


ing then in $ will be vertical to that point of the terreſtrial ecliptic, it 


Hing in the right line joining the centers of the Sun and Earth. And this 


point being in the Earth's northern hemiſphere, all thofe who live there 
will enjoy ſummer, or the hotteſt time of the year, the ſolar rays falling 
more copiouſly, and more perpendicularly, upon their hemiſphere at that 


time. 


% 


38. At the ſame time the inhabitants of the ſouthern hemiſphere will 
— Have winter, the rays of the ſun falling more obliquely, and in leſs quan- 


tity, on them, and conſequently affording them leſs heat. 2 
S8 g. Again, the inhabitants of the northern hemiſphere will have their 
days longer than their nights, in proportion as they are more diſtant from 
the equator; while thoſe who live under the equator will have an equal 
are of day and night all the year round. For in this poſition the termi- 


nator, which is always at right angles to the plane of the ecliptic, will paſs 


232 degrees beyond the north pole, and conſequently will cut all the 


circles parallel to the equator which it meets with into two unequal parts: 
thoſe that are in north latitude will have the greater portions of thoſe pa- 
allels in the enlightened hemiſphere: but the terminator being a great 


circle, will cut the equator into two equal parts; therefore half the equator 
is always illuminated. Og, 1 

50. Henke it neceſfarily follows, that thoſe who live under the equator 
Will have their days and nights equal: thoſe who live within the limits of 
237 degrees round the north pole, will have no night; and the inhabi- 
tants between this limit and the northern neighbourhood of the equator 


will have their nights ſhorter than their days. In the mean time thoſe 


who live in the ſouthern hemiſphere will have their nights longer than their 


days, in proportion as they approach nearer to the ſouth pole; and the 
regions contained within the limits of 234 degrees; round the ſouth - pole 
Will have no day. | 5 


1 N 


61. Suppoſe the Earth now to move in its orbit from through the 


ſigns er, N to V, the Sun will ſeem to run through the figns N, M to ; 
and this will be the place of the Sun in autumn. e 


. 


bemiſpheres, and the ſeaſon is a medium between ſummer and winter: 
For at that time the Sun will appear vertical to the equator, becauſe a right 


the Earth. in the equator: ſo that the terminator, the plane of which is al- 
Ways at right angles to the ſaid line, will paſs through the poles; conſe- 
vently, All the Earth will then have an equal ſhare of day and night. And 


becauſe the rays of the Sun then fall perpendicularly upon the axis of the 


_ Farth, it will then follow, that they muſt fall with an equa} obliquity, and 
With 85 number, upon either hemiſphere; therefore they muſt enjoy an 
equal degree of heat and cold, , pts No 

| * = , 5 | O0 


While the Earth is in V, the days and nights will be equal in doch | 


e e the centers of the Sun and Earch will then cut the ſurface of 


+ 
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Now ſuppoſe the Earth to move from V to S, the Sun wilk ſeem to 
move from to W, where it will be in its neareſt approach to the ſouth 
pole; and at this time of the year it will be winter in the northern hemi- 

ſphere. For to this hemiſphere the like phænomena will now happen, 
which did before to the ſouthern, when the Earth was in vs; and by a. 
parity of reaſon, when the Earth has got as far as , and the Sun is ap- 
parently in V, the northern hemiſphere will enjoy ſpring, and the ſouthern 

' wilt have autumn. | , a 
62. The four points of the ecliptic, in which the Earth has been con- 
ſidered in ſummer, autumn, winter, and ſpring, are called the four CAR- 

DINAL PoINTS ; W and S are called SOLSTITIAL PolNTs ; ax and pp 
EqQUuiNOCTIAL Pol rs. . FFC Net, 
63. The firſt point of Cancer is called the SUMMER SoLsTICE ; be- 
cauſe when the Sun enters it, which is about the 21ſt-of June, he has then 
| got to the greateſt extent northward, and being about to return toward 
e equator, he ſeems for a day or two to be at a ſtand. And for the 
lame reaſon, the firſt point of Capricorn, which the Sun enters about the 
2ſt of December, is called the WINTER SOLSTICE, with reſpect to the 

\ Do d ʒ CNTOES 

64. The firſt points of Aries and Libra are called the VERNAL and 
AvTUMNAL EqQuinocTIAL PoinTs, from the equality of days and nights 
all over the ſurface of the Earth, when the Sun enters thoſe points, 


„ | Of thy Riſng and Setting of the Star. 


There is only one half of the celeſtial ſphere viſible at one time to any 
-_ Hbſerver on the ſurface of the Earth, the other half being hid by the Earth 
IVE - itſelf. Now the apparent plane on which the obſerver ſtands, ſeems to 

Ks be extended to the heavens, and there marks out a circle that divides the 

viſible from the inviſible hemiſphere ; this circle is called the Horizon, 
aoove which all the celeſtial motions are ſeen. When this horizon is a 
great circle of the celeſtial ſphere, it is called the Ra TIONAL Horizon : 
but when by the particular ſituation of the obſerver, he ſees more or leſs 
chan half the celeſtial ſphere, then the circle bounding his view is called 
the SensI1BLE HoR1zon, VV FFV 

_ The horizon is one of the moſt uſeful circles in Aſtronomy; for to this 
circle, which is the only apparent one, almoſt all the celeſtial motions are. 
referred. It is the common termination of day and night; it marks out 
the times of the riſing and ſetting of the Sun and ftars, and many other 

particulars, of which hereafter, VVV 


%%% —k᷑! T. 


Tbe PARALLAx of any object is the difference between the places that 
object is referred to in the celeſtial ſphere, when ſeen at the ſame time from 
two different places within that ſphere: Or, it is the angle under which 
any two places in the. inferior orbits are ſeen from a ſuperior planet, or 
eyen from the fixed ſtars: But the parallaxes which are 1 1 uſed by 
15 Aſtronomers are thoſe which ariſe from ſeeing the object from the cen- 
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ters of the Earth and Sun ; from the ſurface and center of the Earth; and 
| From all three compounded. | ; % 


67. The difference between the heliocentric and geocentric place of 


a planet, is called the parallax of the annual orbit (namely, that of the 


Earth) ; that is, the angle at any planet, ſubtended by hs hone be.” 
tween the Sun and Earth, is called the parallax of the Earth's, or annual 


orbit. J . 7 . 

68. The difference in the two longitudes is called the parallax of 
1 3 and that of the two latitudes is called the parallax of lati- 

n 7 17 IH. ; e 

69. In the SrziolESs, that is, in the oppoſitions or conjunctions, the Sun 
and planet being equally advanced in the ſame ſign, or in like places in op- 

poſite ſigns, the parallax of latitude is then greateſt, | 

70. And when the planet is in its QUADRATUREs, that is, when it 


is 90 degrees diſtant from the Sun, the parallax of longitude is then the 
greateſt. ; „ g 8 oh 3 


71. To explain the parallaxes which reſpect the Earth only. Fig. 2. 


Plate IV. 


Let HS repreſent the Earth, where T is the center; ox part of the 


Moons's orbit, Þrg part of a planet's orbit, and za part of a great circle 
in the celeſtial ſpnere. Now to a ſpectator at s upon the ſurface of the 


Earth, let the Moon appear in o, that is in the ſenſible horizon of s, and it 
will be referred to A; but if viewed from the center T, it will be referred 
to the point p, which is its true place. 


The arc ap will be the Moon's parallax; the angle sor the parallaQtic N 
angle: Or the parallax is expreſſed by the angle under which the ſemidia- 


meter 1s of the Earth is ſeen from the Moon, 


If the parallax is conſidered, with reſpect to different planets, it will 


de greater or leſs as thoſe objects are more or leſs diſtant from the 


Earth. Thus the parallax Ap of & is greater than the parallax Ad of g. 


I it is conſidered with reſpect to the ſame planet, it is evident that the 
horizontal parallax (or the parallax when the object is in the horizon) 
is greateſt of all; and diminiſhes gradually as the body riſes above the 

horizon, until it comes to the zenith, where the parallax vaniſhes, or be- 


comes equal to nothing. Thus AD and Ad, the horizontal parallaxes 
of G and g, are greater tban aB and ab, the parallaxes of R ander; and 
the objects o or P, ſeen from s or T, appear in the ſame place z, or the 


72. By Knowing the parallax of any celeſtial object, its diſtance from 


the center of the Earth may be eaſily obtained by Trigonometry. Thus, 
if the diſtance of 6 from T is ſought; in the triangle 8T6, the ſide sr be- 


ing known, and the angle so determined by obſervation, the fide TG is 


thence known. | „ N . 

The parallax of the Moon may be determined by two perſons obſerving 
her from different ſtations at the ſame time, ſhe being vertical to the one, 
and horizontal to the other: and it is generally concluded to be about 57 


minutes of a degree; conſequently her mean diſtance o is about 60 ſemi- 


diameters of the Earth, or 60 times Ts. 5 Re FS va 
But the parallax moſt wanted-is that of the Sun, by which his ab- 
0 Fug * from the Earth aaa Ys known; and thence the abſo- 


* 


u 


— 7 3 
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might be compared. 
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lute diſtances of all the other planets would be obtained from their relative 
- diſtances found by the ſecond Keplerian Law. _ = 
Before the year 1761 ſome Aſtronomers reckoned the Sun's parallax 


at 124 ſeconds, others at 10; theſe different parallaxes gave very dif- 


* ferent diſtance between the Sun and the Earth; the former making the 
diſtances near 8270 diameters of the Earth, and the latter 10313 dia- 


meters. „ | | 5 
But in the years 1761 and 1769 the planet Venus paſſed between the 


Earth and the Sun, and was ſeen like a black ſpot moving over the face 
of the Sun. Theſe phenomena (which had not happened in more than 


1c years before) were obſerved by many Aſtronomers from different 


parts of the Earth, and the reſult of their obſervations make the Sun's 


mean parallax about 8 ſeconds, and hence the mean diſtance between 


the Sun and Earth comes very nearly to 11900 diameters of the Earth : 


And from what was ſhewn many years ago by the excellent Dr. Halley, 


if theſe obſervations were made with the accuracy he fuppoſed; the dif- 
_ tance between the Sun and the Earth might be obtained to leſs than a 
Sooth part of the whole diſtance. 1 . 5 


9 1 Of the Meaſure of the Earth. ? 
15 The relative diſtances of the planets are diſcovered by the 2d Keplerian 


Law, and their relative magnitudes are gathered from the angles which 
they appear under (when viewed with very accurate inſtruments) com- 
pounded with their diſtances. Now as theſe diftances and magnitudes 
can by means of the parallaxes be compared with the diameter of the 
Earth, conſequently this diameter being accurately known would ſerve as 
a meaſure with which the magnitudes and diſtances of all the other planets 


To find the meaſure of the Earth is a problem of ſuch importance in 
Aſtronomy, that it has been attempted by fome of the moſt conſiderable 
men in almoſt all the preceding ages. But its ſolution was not brought to 


any degree of accuracy till the year 1635, when it was very nearly aſcer- 
"tained by our countryman RICHARD Nox woon, an eminent mathema- 
tician at that time. The principle he proceeded upon was this, that as 


360 degrees were contained in every great circle, both of the celeſtial ſphere 


and of the Earth, and as theſe circles are conſidered as concentric to the 
center of the Earth; therefore, were the meaſure of a degree known on a 
great cirele of the Earth, correſponding to a degree of a great circle of 
the heavens, then, by analogy, the whole circumference of a great circle 
of the Earth would be known in that meaſure, and conſequently its dia- 


meter would be obtained. | (II. 197) 
No woop ſolved this problem in the following manner: He choſe 
two diſtant places which were known to lie nearly north and ſouth one 
of the other, as London and Vork; and by a method like that of 


. Traverſe Rn in Book VII.) he found their difference of la- 
1 


titude, or, the diſtance between the parallels of latitude paſſing through 


+ thoſe, places; or, which is the ſame thing, the length of that arc of the 


terreſtrial meridian, He alſo with a good inſtrument found the diſtance 
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| _ OG the zeniths of thoſe places, and conlbayently he thence knew 


.the quantity of the celeſtial arc anſwering to the meaſured terreſtrial 
one. Then faying, As that celeſtial arc is to a great circle of the ce- 
leſtial ſphere, or 360 degrees; ſo is the arc of the terreſtrial great circle 
meaſured in feet, to the circumference of a great circle of the Earth in 
feet meaſure. | 
And thus he found that about 6 1 Engliſh miles ne to one degree; 
hence the circumference of the 15 
diameter about 8000 miles. 


. By the ſame kind of reaſoning, the diſtance found in art. 8 from the 
axes, were obtained. 1 


| 4 : 360 :: 1 ſemi-diam. ; 129600 
360 , ſemi-diam.: 149538 diameters of the Earth, 


And 3 16 005 „ 1 : SAO ry diſt. of the Earth 
| e 


For 122%; 360 : : 1 ſemi-diam. : 10 50 jen of the 
| the 


6,283185 : 129600 :: 1 : 20626,4 

6,283185 : 149538 : : 1 : 2379948 

Then 165 39,5 X 4900 = SAT * diſtance of the 
e 


20626, 4 * 4000 = 82505600 Earth from = Sun, in 
e * 1 was =p ln miles. 


74. 10 5 o the Mom. 


The MEX is in her orbit ous welt to n POR” the arch 


| a is carried perpetually with it through the annual orbit round the 


5 ras making in the {pace of one year 13 periodical, and 12 fynodical revo- 


ions. 


75. A PERIODICAL Monrn, or Rx vo Tro x, is the time the Moon 
takes up in revolving from one point of her orbit to the ſame point again, 


and conſiſts of 27 d. 7 h. 43 m. 

76. A SYNODICAL MonTH, or Rkvoruriow, i is the time the Moon 
ſpends in . from one conjunction with the Sun to another, which is 
29 d. 12 h. 44 m.; being 2d. 5h. 1 m. longer than the Periodical 
Month. For while the Moon i is paſſing from her former conjunction with 
the Sun round to it again; the Earth has proceeded forward in its an- 


nual courſe, as it were leaving the Moon behind it; fo that, in order to 
complete her next conjunction with the Sun, ſhe muſt not only come 
round to her former point again, but alſo go beyond it. 


77. Beſides this monthly motion of the Moon round the Earth, ſhe 


has alſo a motion round her axis, which is performed exactly in the fame 
time with her periodical revolution: Hence it comes to paſs, that the 


ſame face of the Moon is always turned toward the Earth, her diurnal 


motion turning juſt as much of her face to us, as her periodical motion 
turns it from us. | 


4 78. Though the ſame ide of the Moon is ever turned toward us, yet 
e's is not always Wann but ſeems ny to put on "Cert PR 
e 


arth n to be 23010 miles; and its 


Earth's orbit in ſemi- 


from the Sun, in ſemi-d. 
of the Earth. (II. 197) 
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called PHases ; For the Moon being an opake body like the reſt of the 
planets, borrows its light from the Sun, having always one hemiſphere en- 
. TDI. 7/72 Ei, 75007 OS IP BD 
When the enlightened hemiſphere is wholly turned from the Earth, as 
at her change or time of new-moon, the planet then being betwixt us 
and the Sun, the Moon's. whole enlightened face, or. diſt, muſt needs 
be inviſible to the Earth. When ſhe paſſes from this fate, and turns 
ſome little portion of the illuminated half to us, ſhe muſt appear horned, 
the Cuses or points being turned from the Sun towards the eaſt, When 
the Moon is in her quadratures, or at o degrees from the Sun, then half 
the illuminated face becomes viſible : She afterward continues 'to. ſhew 
more than half the enlightened diſk, until ſhe comes in oppoſition to the 
Sun or time of full-moon, when the whole of the illuminated orb is pre- 
ſented to us; from whence receding, ſhe muſt put on the like phaſes as 
before, but in an inverſe order, the cuſps being now turned toward the 


— 


FF TE . T 
79. Of Solar and Lunar Eclipfes,” 


Eclipſes of the Sun and Moon can only happen about the times of the 
conjunctions and oppoſitions: thoſe of the Sun fall out at the conjunc- 
tions, when the Moon intercepts the light of the Sun from the Earth; and 
thoſe of the Moon occur in the oppoſitions, when the Earth getting be- 
tween the Sun and Moon, the latter loſes her light during the time of that 
| interpoſttion. je: Tz „ N ee | | 
be cauſe why there is not an eclipſe in every ſyzigie is the inclination 
Hf the plane of the Moon's orbit to that of the ecliptic, which is about 
5® 18/: for it is certain, that unleſs the Sun, Earth, and Moon, are all in 
the plane of the ecliptie, or nearly fo, the ſhadows of the Earth and Moon 
can never fall on one another, but muſt be directed either above or be- 
low. Now they can never be in the fame plane, and in one right line, 
except when the Moon is in her nodes, the nodes and Sun's center being 
in the ſame right line. 1 . ee 
80. The ſolar and lunar eclipſes do not happen every year in the fame 
places of the zodiac, but in ſucceeding years they fall in places gradually 
removed backward, or toward the antecedent ſigns: For ſince the nodes 
are found to go continuaily backward, the eclipſes muſt alſo obſerve the 


ſame order. 65g x J)) NT TS of Gl 
81, Eclipſes of the Moon are either total or partial: the total happen 
hen the node falls in or near the center of the ſhadow-: and the partial, 
when the node happens to be on either ſide the center, within or -with- 
out the ſhadow. + Now the longer the duration of à partial eclipſe is, ſo 
much the greater is that part of the Moon which enters into the ſhadow 
- 82, Hence it is uſual to conceive the Moon's diameter as divided into 12 
parts, called DiG1Ts, by which the greatneſs. of partial eclipſes is mea- 
ſured, they ue to be of ſo many digits as they are parts covered by 
the Earth's ſhadow: Thus if 5 of the 12 parts are covered, it is called an 
eclipſe of 5 digits. . . M 
83. As the planet Mars is never eclipſed by the Earth, it is plain 
the ſhadow of the latter does not reach ſo far as the orbit of the 1 


— 


— 
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but tapers to a point at a leſs diſtance ; and e the Earth's ſha- 
dow muſt be a cone, the vertex of which is extended beyond the orbit 
of the Moon. It naturally follows from hence, that the Sun is a much 
larger body than the Earth; it is indeed, in diameter, above 1@0 times that 
I of the Earth. 
84. If a perſon was ede juſt at the vertex, or point of this ſhadow, he 
would ſee nothing of the Sun but a ſmall rim of light round his diſk ; and 
the farther the obſerver was removed from the vertex, the larger would the 
rim of light appear, and conſequently the fewer ra mn would be intercepted 
By the opake body, till at laſt it would appear only as a ſpot in the Sun; 
in like manner as the planets Venus and Mercury appear when they are 
ſeen to paſs over the Sun's diſk; -. ; 
85. What has hitherto been ſaid of the ſhadow of the Earth includes 
thatzof the atmoſphere ſurrounding the Earth: for in lunar eclipſes the 
| ſhadow of the atmoſphere is to be conſidered. And hence it is that the 
Moon is viſible in eclipſes, the ſhadow caſt by the atmoſphere being not 
near ſo dark as that caſt by the Earth. f 5 1 
: 86. The Moon always enters the weſtern de of the ſhadow with her " i 
eaſtern limb, and quits it with her weſtern limb; and in her approach to | | 
and receſs from the ſhadow, ſhe muſt paſs through a PENUMBRA, or im- 
perfect ſnade, which is cauſed by the Earth Nenn $ 
87. In the ſame manner, in which it has been ſhewn that the Moon muſt | 
come into the ſhadow of the atmoſphere, when ſhe is at fall and at or near 
a node, it may alſo be ſhewn, that her ſhadow muſt fall upon the Earth at 
tte time of new Moon, provided ſhe is in or near a node: But the pen- 
umbra of the Moon' s ſhadow is much more ſenſible in ſolar eclipſes, than : 
that accompanying the ſhadow of the Earth in lunar ones. | 7 
88. It is obſerved, that to determinate parts of the Earth ſolar eelipſes 
are not ſeen ſo oft as lunar ones; which is owing to the ſhadow of the 
Moon being leſs than that of the Earth: For the Earth's ſhadow often 
covers all the Moon; but that of the Moon cannot cover all the Earth ; 
and as it ſometimes! falls on one part, ſometimes on another, it cauſes lolar ; 
_ ecliples, in general, to be more frequent than lunar ones; yet to any de- 
terminate place on the Earth __ are more eclipſes of the Moon vilible 
than of the Sun. | 
What has hitherto been ſais, may ſuffice to give beginners a general idea 
of the motions of the bodies in the ſolar ſyſtem, and of ſome of the pheno- 5 
mena thence ariſimng; thoſe who deſire to be' farther acquainted with parti- 
culars, may find them fully treated of in M. de la Caille's Elements of Aſtro- 
nomy, publiſhed in Engliſh a few years ſinde ; and alfo in the om of 
Gregory, Keil, and others. 
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1 SECTION I 


. een of „ the Sphere. 


* | 45:1 
8 0 Parnciriin 


Wi By. the Aſtronomy of the ſphere is meant the finding, from proper | 
things given, the meaſure. of certain arcs, and angles formed on the ſur- 
faces pl, the celeſtial and terreſtrial ſpheres, b o the apparent motions of the 
bodies which are ſeen in the heayens. 5 

The ſurfaces of thoſe ſpheres are, ſuppoſed to hs andes trie ts the center 
of the Earth, and to have correſpondent circles, deſcribed on both ſpheres. 
90. Gxzar ern are thoſe which diyide either = into two 

edi parts. 80 
ESSER Cracuns, oſe which divide the 3 into 3 parts, | 5 
he Pol Es of a circle are the ai on the ſphere den a from 1 
tha Circle. | 

An Ax1s is a right. line ſuppoſed to connec the poles. Tio. 

The /ELESTIAL Axis is that richt line about which the heavens ſeem | 
to Tevolye. . . $ 

The Nox rn and SouTH Pol Es of the world are thoſe two points mhere 
the axis cuts the celeſtial ſphere. | 

91. Tbe EQuinocTIAL or EQUATOR, is the great circle of the ſphere 
ea diſtant from the po oles. of the world... 5 | 
92. MekibiAxs, or Hour CIR CIES, or Cincixs of Rint Ascan- | 
. $1ON, or, CIRCLES OF TERRESTRIAL. LONGITUDE,/are great circles 
* perpendicular to the equator, and paſſing through the poles of the world. 

2850 Abe. ECLIPTIC 1 is a great circle inclined to the equator in an angle 
of hou out 2325 ang cutting it in two paſo diametrically oppoſite. 1 
EC os is ſuppoſed to be divided into 12 equal parts, called 
1 beginning from one of its interſections with the Sn ; 2 771 
lign.s , owe eber named and noted thus : 1% Apt | 


Aries aurus Gemini Cancer Leo V e 
Co de 'S K M 

L. bg r Gee 1 Piles | 
* een 3h 


The Gr ſix = called northern, and the latter ſix ſouthern ſigns. 

94. The CARDINAL PoixTs of the ecliptic are the four firſt points 
of the ſigns V, S, , W; thoſe of Y and i= are called EQUINOCTIAL 
PoiNnTs, and thoſe of 3 and W are called SorsTITIAL Pol N Ts. | 

95. The EquinoeTIAL CoLuRE is a meridian paſſing through the 
equinettial points ; and the SOLSTETIAL COLURE is another meridian 
paſſing through the /o//itial points, The colures gut one Woder at 
fight angles in the pos of kn da, 

73 2 0 05, Cin: 
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96. CixcLES or CELESTIAL LoNGITUDE are great circles perpendi- 

cular to the ecliptic. 

97. The LaTiTupE of any point in the heavens is an arc of a cirele of 
longitude intercepted between that point and the ecliptic, and is called 

| _ or ſouth latitude, as the point is on the north or ſouth ſide of the 

_ ecliptic, 

98. PARALLELS OF CELltsTIAL LArirupz! are ſmall cireles parallel 
to the ecliptic. 

99. The Lonc1iTupe of any object in the heavens is an arc of the eclip- 
tic intercepted between the firſt point of Aries, and a circle of longitecs | 
paſſing through that point. 

100. The RicuT ASCENSION of any object i is an arc of the equator, 
contained between the firſt point of Aries and a meridian paſſing through 
the center of the object: Or, it is the angle formed by the equinoctial 

colure, and the meridian paſſing over that object. 
101. The DEcLIinaTION of any object is an are of a ei chen con- 
tained between the center of the object and the equinoctial: If the object 
be on the north fide of the equinoctial, it is ſaid to have north declination z ; 
but if on the ſouth ſide, it has ſouth declination. 
102. The OBL1QuiTY or THE EcLIPTiIC is the angle made by the 
interſection of the equator and ecliptic, and is meaſured by the dun's 
ty 28; declination 3 which, according to modern obſervations, 1s about 
. PARALLELS or DEcLINATION are ſmall circles parallel to the 
e winoCtia. The Tropic or CANCER is a parallel of deciination at 23? 
287 diſtant from the equinoctial in the northern hemiſphere ; and the 
Tropic of CAPRICORN is the parallel of declination as far diſtant in the | 


_ ſouthern hemiſphere. 


104. The Arxcric Pol AR CIRCLE is a parallel of 83 at 29 
28/ diſtant from the north pole; and the ANT ARCTIC PoLAR CIRCLE 
is the parallel of declination as far diſtant from the ſouth pole. 
 . Io5.. The ZENITH is the point of the heavens directly over a place 
and the Nap is the point directly underneath. 
106. The Hok1zoN is that great circle of the ſphere which is equally 
diſtant from the zenith and nadir of any place, and divides the ſphere into 
'the upper and lower hemiſpheres. 

107. The RisixG of a celeſtial object is when its center appears in the 


ceeaſtern part of the horizon; and its SETTING is when its center difap- 


pears in the weſtern quarter of the horizon. 
108, AZIMUTH, or VERTICAL CIRCLES, are great eiche perpendi- 
cular to the horizon, paſſing through its poles, which are the zenith and 


9 | nadir. 


109. The PRIME VERTICAL is that vertical circle which paſſes through 

the eaſt and weſt points of the horizon, The MERRIůBB IAN OF THE 
PLACE is a verticle circle: paſſing through the north and ſouth points of 
the, horizon, 

110. The meridian of the place is' called the twelve o'clock hour circle. 
The hour circle at right angles to the meridian is called the fix oclack 
bour circle. 

111. The AZIMUTH of any celeſtial object is is an angle at the nich 
formed by the meridian of the Place, and a vertical circle palling through 

+ that 


3 
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that object when it is above or below the horizon: And it is meaſuted by 
the arc of the horizon intercepted between thoſe vertical cirele. 
112. The AMPLITUDE of any mor in the heavens is an arc of 


the horizon contained between the eaſtern point of it, and the center of 


the object at its riſing, or between the weſtern point of it and the center 


of the object at its ſetting; or it may be taken as an angle at the 


zenith, included between the meridian of a place and 2 vertical circle 
paſſing through the object at its riſing or ſetting. „ | 
113. The ALTITUDE of any object in the heavens'is an arc of a vertical 
circle intercepted between the center of that object and the horizon, _ 
114. The ZENITH DISTANCE of any object is an arc of a vertical 
Eircie contained between the center of that object and the zenith. 
The altitude and zenith diſtance are complements one of the other. 
115. The MERIDTAN AT TIrupz, or MERIDIAN ZENITR Dis. 
TANCE, is the altitude or zenith diſtance when the object is on the meri- 


dian of the place. : 


- 


the equinoctial, 


% 


— 


116. The CULMINATING of any celeſtial object, is the time it tran- 
fits, or comes to the Meridian. And the Mepium CokII, or Mip- 
H#eAVvEN, to any place, is that degree of the ecliptic, or part of the hea- 
vens, over the meridian of that place, at any time. Or the Mip-Hreaven 
is the diſtance of the meridian from the firſt point of Aries, reckoned on 

117. The NoNAGESIMAL DEGREE is the goth degree of the Ecliptic, 
reckoned from its interſection with the eaftern poitit of 'the horizon, at 
any given time. rr pip FT ( 
_ Conſequently the altitude or height of the nonageſimal degree above 
the horizon is equal to the diſtance of the poles of the ecliptic and ho- 
rizon; and is the meaſure of the angle which the ecliptic makes with the 

118. ALMICANTHERS, or PARALLELS Or ALTITUDE, are ſmall 
circles parallel to the horizon. > VVV 
119. A PARALLEL SPHERE is that poſition of the ſphere in which 
the circles apparently deſcribed by the diurnal rotation, are parallel to the 


horizon; which can happen only at the poles. 


120, A Richr SPHERE is that in which the diurnal motions are 
at right angles to the hortzon : Thus it appears in all places under the 
Sqm 7:15: N47 I 7 Ge PAS | DE 
1321. An OBL1QUE SPHERE has all the diurnal motions oblique. to the 
horizon: And thus the motions appear to all parts of the Earth, except 


under the poles and equator. | 1 r 
122. DIURNAL ARCS are thoſe parts of the parallels of declination of. 


Te celeſtial objects which are apparently deſcribed between the times of the 
riſing and ſetting of thoſe objects: And NocrURNAL ARCS are the parts 


of thoſe parallels apparently-deſcribed from the time of ſetting to the time 


of riling,. | 


123. SEMI-DIURNAL and SEMI-NOCTURNAL ARCs, or the halves 


of diurnal and nocturnal arcs,” are the parts of the parallels intercepted 


between the meridian an the horizon. The correſponding part of the 
equator anſwering to the ſemi-diurnal arc, gives the times between noon 
and the riſing or ſætting; and the equatorial part anſwering to the ſemi- 

| — D oy | . ] N oe 1 | W 5 | N nocturnal 5 


— 
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nocturnal arc, ſhews the time between midnight and 06 time of ſetting 
or riſin 

12. Erbe Ont1QUE ASCENSION of any object in the heavens, is an 
arc of the equinoctial intercepted between the firſt point of Aries and the 
eaſtern part of the horizon when that object is riſing; and the OBLiQuse 
DESCENSION is an arc of the equinoctial intercepted between the firſt 
point of Aries and the weſtern part of the horizon at its ſetting. 

125. The ASCENSIONAL DIFFERENCE belonging to any celeſtial ob · 
ject is an arc of the equinoctial intercepted between the horizon and the 
8 which the object is on when it riſes or ſets; or it is the dif- 
ference between the right and oblique aſcenſion of that qbject. In the 
Sun, it is the time that he riſes or ſets before or after the hour of ſix. 

126. The LaTiTUDE of any place on the Earth is an arc of a ter- 
reſtrial meridian contained between that place and the equator; or it is 

an arc of a celeſtial meridian intercepted between the zenith of the place 
and the equinoctial; being north or ſouth, eee to the {ide of the 
Equator it 15 On. EE : 

127. The Loncitups of any biete © on the Earth is an arc of che 

equator contained between the meridian of that place and the meridian 
which is choſen for the firſt, where the reckoning of longitude begins: 
Or, it is the angle at the pole formed by the firſt meridian and that of 
ie place. 5 
P20. REFRACTI on, in an aſtronomical ſenſe, is the 8 be⸗ 

teen che true and apparent altitudes of celeſtial objects; they appear- 9 

ing more elevated above the horizon than they really are, on account L 
olf the denfity of the Earth's atmoſphere, or air and e ſurround- "4 

ing it. | 

Fo The PARULLAX © OF A CerRSsTIAL OBJecrT is the diſtance be- 
tween its place in the heavens, as ſeen from the center of the Earth, and 
its place when ſeen from the ſurface of it. 

130. The WIL oni is that medium between light and darkneſs, 

Which happens in the moraing before ſun-riſe, and 1 in the wenne after 
ſun- ſet. 

This is 8 by the atmoſphere” s refrating the ſolar rays upon 

any place, although the Sun is below the horizon of that place, and by 
_ obſervation it is found to begin ane end when the Sun is about 185 voy 
the horizon. 
it Lhe Crepvsculun | is a fall circle parallel to the horizon at 
189 below it, where the twilight begins and ends. 

Poor under the pole, or in the latitude of 90 degrees, che pole is in the 
Zenith, or is go degrees above the horizon; ſo that, in this caſe, the ho- 
rizon coincides with the equinoCtial. _ 6h 

And as many degrees as the obſerver goes from the pole toward the 

7 80 0 ſo many degrees does his horizon go below the equator on one 
fide, and approach the pole on the other fide. 
Therefore the pole approaches the horizon juſt as much as the zenith 
approaches the equator ; that is, the height of the pole above the hori- 
20on, is equal to the diftance of the zenith from the equinoctial, which is 


equivalent to the Nane of the obſeryer from a Equator, or is equal to 
me d N 


: : | | 132. As- | 
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l Aa TABLES in general contain numbers ſhewing 
either the meaſure of the diſtances of the heavenly bodies from certain 
limits which are uſed to repreſent remarkable times and places; or, the 
times when thoſe bodies had, or will have, nn 3 e to thoſe 
limits. | 
5 . of the chief aſtronomical tables are, WE 

Solar and lunar tables for finding the places of thoſe juminaries at given 

times. 

Tables for finding tbe apes of the other planets. | | 
Stellar tables for finding the places of the ſtars. 
Tables ſhewing the Sun's place, declination, and right aſcenſion for 
given times. | 
Tables of refractions for correcting obſervations'' on altitudes. 

Tables of the equation of time; or the difference between the times 
 -ſhewn by a ſun- dial and a well-regulated Clock, Ge. 

The aſtronomical tables chiefly wanted in this work are = at the 
end of this book; and are preceded by.an account of their conſtruction 
and uſe. | 
_ the Earth makes one revolution on its axis in a common day 
of 24 hours; therefore every point of the equator will deſcribe the circle 
of 360 degrees in 24 hours; and conſequently, if 360 degrees give 24 
hours, any other number of degrees will give its proportional hours: 
And if 24 hours give 360 degrees, any other number of hours will give 
its proportional number of degrees. 

And hence are derived methods for converting arcs of circles into 
meaſures of time, and meaſures of time into arcs of circles. | 


To e degrees; minutes, &c, to time. 


| Multiply by 24, and divide by 360; or n by 45 and diode by 60: 
Or, Divide the given degrees ff 15 for hours; multiply the remainder 
| by 4 for minutes, adding to the product 1 minute for every 15/ of a 
degree; the overplus minutes of a degree, multiplied by 4, give ſe- 
conds of time, Tc. 
Or thus : Let the quotient of the given degrees by 60 ſtand for the firſt 
name; the remaining degrees for the ſecond name; and the other 
given names in order following : Then this number multiplied by 4 3 
will give mw hours, d ſeconds, Ges! in order. 


To reduce time into degrees. 


Multiply the given hours by 15 gives W to which add 10 for every 

4 minutes of time; for every overplus minute reckon 15” of a degree; 
and for every ſecond of time take 15“ of a degree. 
Or thus : Divide the time by 4, carrying. by Beile the quotient will 
be in order, ſixties of degrees, degrees, minutes, ſeconds, Sc. Then 
ſixties of degrees ne ak ng Os wil give the degrees, &c, 
N | 
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Book V. ASTRO 
Ex AM. I. Reduce 69? 20% 45” > 


* ” — 


to 14s correſponding time. 
15) eg 20 45” (C 37 237 
92844718337 


4 54 3-23 


4 


' 


NOM Y. 


Exam. II. Reduce 4d, 
to its correſponding degrees. 


4 37% 237 


& o for 4 hours, 
.o for 37 minutes. 
for 23 ſeconds, 


Exam. III. Reduce 237 44“ 


219 
37, AF} 3 


' Exam. IV. Reduce 15), gon, 585," 


- 37”, to its equivalent time. 28*, to its equivalent degrees. 
500 237 ed, 8 150 zom 585 281 
3 4 37 „ „ „ 
ee geen or - 237% 44 37“ Anſyer. 
Anſwer 15 500 58˙ 280 al | SL taut BPR Ls 7 5 


As the ſun is n 
aſcenſion ſnew for every da 


tereepted between that meridian and the equinoctial point V. The ta- 


bles for the ſtars ſhew the equatorial ares contained between the point x 
and the ſection of circles of right aſcenſion, paſſing through thoſe ſtars 2 


The meaſures of the arcs of right aſcenſion are reduced to time. 


There are few days when one or more ſtars do not come to the meri- 


dian with the Sun, and then they have the ſame right aſcenſion with 
bim: Alfo, at ſome time of the year, the Sun muſt have the fame right 


aſcenſion which any propoſed ſtar has; though at other times he may 


have a leſs, and fo precedes or comes to the meridian before that ftar ; 
or a greater, and fo follows the ſtar, and comes to the meridian later. 
And hence is derived the following method | 


Or FinpING THE CULMINATING OF THE STARS. 


134. To find the time when any ftar in the table will be on the meridian. 


Rune. Subtra& the Sun's ri ght aſcenſion for the propoſed day from 
the right aſcenſion of the 8 | ö 
the ſtar's culminating nearly. Say as 24* is to the daily change of the 


e re ; the difference will be the time of 


Sun's right aſcenſion, ſo is the time of culminating, nearly, to a fourth 


number j which being ſubtracted from the time of culminating nearly, 


will give the true time of the ſtar's culminating, If this time be leſs 


than 120 it happens in the afternoon 3 but if more than twelve hours, 


the exceſs above 12" will ſhew the time next morning. 
N. B. 24* muſt be added to the ſtar's right aſcenſion, 
aſcenſion be greateſt, ala 


if the ſun's right 


T7 22 


changing his place, the tables of his right 
1 y at noon (when he comes to the meridian of 
the place for which the tables are made) what part of the equator is in- 


Ex Au. 


\ 
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Ex A1 1. "Ar what time will the Ex. II. On the 26th of Feb: 1780, 
ar Arflurus come to the meridian 0 / at what hour will the ftar Virgin's 
| London onthe Wt of * 1780 |Spike be on the meridian f. London? 


Ri ght WES of Ardurus 14h 35 42 Virg. Spike's right af. 13h 17 w—_ 
Sup? 8 right aſcenſion 10 44 34 Sun” s right aſcenſion 22 37 10 


Time of culmin. n | 3 21 8 Time of culm. nearly 14 1 28 
And 3Þ 217 gie 30 And 145, 363 give 18 


77 F wi 4 


8 8 [True time of f flar's culm. 1 3 20 38 True time of ſtar's culm. 14 34 10 


of culminating nearly, inſtead of being en from it. 5 


If the time of the ſtar's culminating be wanted for any other nne 
than that of Greenwich, or London, add the longitude in time to the 
time of culminatin nearly, if the longitude be weſt, or take their dif- 
ference if it be caſt, and uſe that ſum or difference inſtead of the time of 
culminating nearly: obſerving, only, in the latter caſe, that if the Jongi- 
tude in time be greater than the time of culminating nearly, that the 
min. and ſec. reſulting from the proportion, muſt be added. to the time 


” 4 1 | 


5 1 On the 26th of February, 1784, what time'wwill d bee on n the | 
; meridian of a place which is in LN 166 30 B. ef . 10 | 


"Re. aſcen. Syrius, 1780 6b 35 28” In + 
Preceſſion for 4 years +1 Re. aſe. of Syrius, 92. 6˙ 35 395 


ISun's right aſcen. . 22 37 10 


Time of culm. dean 1 5 29 
[And 3 7%, 4 give +, 29 
: Difference „„ by 15 24 True time oy Fee calm, 84 35 58 4 


Time of Calan, _ 7 7 36 | 
Long. in time. HIVES 11 6 oo 


E 
_ 


Ts fra if any y far in ako table will be on or near mY meridian « at a given 4 
on wy reckoned from the preceding noon, ; 


RvLE. To the. given time add the Sun's right aſcenſion for that times: 8 
the ſum (rejecting 24 hours, if above) is the right aſcenſion of the mid- 
heaven; which being ſought among thoſe of the ſtars, will what 7 
ſtar will be on or near the meridian at the time propoſed, | 


FE Exam. I. What Air will be on the] Ex. II. On the 10th * I 784, 
mneridian of London about 10 o'clock at \what Aar will be on the merid. of Lond, 
nig bt on the 25th Fanuary, 27947. N 30 min. Her 4 in the in 4 


Given time 10 hours P. M. 16d. on; Given time ; 5 1 165 300 1 
Sun's "Ya aſcenſion at noon 20 31 e s right aſcenſion at noon "03.7" 
And for 10 hours more . And for 16 hours more 8 


- „ *%- 4 
| . 


. Sum (abating 24 hours) | 5 33 Right afcenſion mid. beaven 19 45 
R 10 anſwers 2 to Altair. , N 


en Hs 


1 


IO 


* 


135 - PROBLEM I. 


of the meridian of any place, thoſe planes being ſuppoſed to coincide. 5 
Poor this projection the eye is ſuppoſed to be in the firſt point of Aries, 


— 


SECTION IV. 


bf the Projettion of the Sphere. | 


— 


To project the ſphere upon 1 f. of the folftitial colure, or upon the pla 


or the common interſection of the equator, ecliptic, and equinoctial co- 


lure; that being the pole of the plane of projection, or primitive circle. 


Pl. IV. Fig. 4. 


'., Iſt. With the chord of 60 degrees deſcribe a circle PzsQ to repreſent 
the ſolſtitial colure, the center of which V is its pole. (IV. 62.) 
2d. A diameter EQ will be the equator, and another ps at right angles 
| to it will ſhew'the equinoctial colure (IV. 60), or the axis of the world, 
the extremities of which p, s, will be the north and ſouth poles. 
234d. For the parallels of declination. On the primitive circle, beginning 
at E and Q, apply the chords of the yen degrees of declination, ſuppoſe _ 

every 10 degrees, and alſo the. diſtances of the tropics and polar circles 


from the equator, namely, 23 and 662%, Then from the center Þ in 
the axis Ps produced, SE | bc 
the degrees laid on the primitive (IV. 58), and theſe. will give the cena 
ters of the correſponding parellels of the declination; from which centers, 
with the extents to the ſeveral diviſions in the circumference, deſcribe 


the reſpective ſecants of the complements of 


the ſmall circles 10, 10; 20, 20; Ac. and theſe will be the parallels of 
declination required: Among which a , 5 M are the tropics of Cans 


cer and Capricorn; and cc da, the arctic and antarctic polar circles. 


4th. For the circles of right aſcenſian, or Pour circles. In the diameter 


| x produced, lay off from the center Y both ways the tangents of I 5, 


30 452, 60% 75, reſpectively, and they will give the centers of circles, 
to be deſcribed through Tod s, and cutting the equator in the points 
repreſenting the 24 hours; the ſolſtitial colure being the twelve o'clock, and 
the equinoctial colure, ps, the ſix o'clock hour circles. And in like 


manner may any other of this kind of circles be drawn, (IV. 75) 
th. The ecliptic S M is drawn, making with the equator an angle of 
232 ; the poles of which c, 4, are the interſections of the polar circles 


with the ſolſtitial colure. 


th. Parallels of celeſtial latitude are drawn parallel to the ecliptie, in 
the ſame manner as the circles of declination are drawn parallel to the 
„ 4 WF ate ht IS ls 


"7th," Circles e longitude are deſcribed through c, d, the poles of 


the ecliptic in the ſame manner as the circlesof right aſcenſion were de- 
_ {ſcribed through Þ, s, the poles of the equator ; and thus were the diviſions 
of the. ecliptic found that are marked with the ſigns. 75 8 
"8th. The horizon is repreſented by drawing a diameter HR, making an 
angle with the axis ps, equal to the latitude of the place; and the poles of 
the horizon 2, , the zenith and nadir, are at.go* diſt. from the circle HR. 
-  9th.. Azimuth, or vertical circles, making any angle with the meridian, 
_ are deſcribed like circles of right aſcenſion : Thus 2 is the prime ver- 
* Fical, and z AN is another azimuth, 45 from the ſouth, . 


n loth. Almi 
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ioth. Amicanthers, or parallels of altitude, are in this projection drawn 
parallel to the horizon, in like manner as the circles of declination were 
drawn parallel to the equator, o. 


126. "PF ROBLEM- 0. 
1 0 To projett a ſphere upon the plane of the horizon. . 
In this projection, the eye is ſuppoſed in the nadir, one of the poles of 


the horizon or plane of 8 Plate IV. Fig. 5. 


"xt, The Horixon is repreſented by the primitive circle, where the upper 


e 
XII is the north, the lower X1z the ſouth, E the weſt, and Q the eaſt points. 
2d. The azimuth circles are repreſented by diameters drawn through 2, 

© -- the center or pole of the horizon: Thus the diameter x11, x11, is for the 

meridian, and EZ for the prime vertical; and other azimuth circles, 


forming any angle with the meridian, are readily drawn by laying off their 
«diſtances in the primitive from the north or ſouth points. © | 

3d. Parallels of altitude are concentric to the primitive, and are de- 
- ſcribed about the pole z, with the half tangent of their diſtance from it: 
Thus the ſmall circle, the diameter of which is ab, is a parallel of altitude 
o above the horizon, or at 80? diſtant from its pole 22. 
th. The diſtance of the eguinoctial from the zenith is equal to the la- 
titude of the place, and therefore this circle makes with the horizon an 
angle, which 1s meaſured by the complement of the latitude ; then ſetting 
off from the center z in z x11 continued, the tangent of 50? (the latitude 
in this example being 40*®), it will give the center of the circle: x AQ, re- 
© preſenting the equinoctial; and the half tangent of 505, ſet the ſame way 

from 2, will give p, the pole of the world, © 5 

5th. The fix o'clock hour circle paſſes through the poles of the world, 
making with the horizon an angle equal to the meaſure of the latitude ; 
therefore taking in the meridian from z toward a, the tangent of the 

_ latitude 40˙, it gives 6, the center of the fix o'clock hour circle EF 
6th. The hour circles paſs through the poles of the world, and make 

with one another angles of 15 degrees: Therefore (IV. 55) in a line DE, 

drawn through G, at right angles to the meridian, ſet off on both ſides of 
. 6, the tangents 1 5% 305, 45% 600, 75% to the radius pe, and they will 


=. 


= give the centers of the ſeveral hour circles paſſing through p, cutting the 
3 buorizon and equinoctial in the hour poin tn. 
Fth. The polar circles, tropics, and other circles of declination, are de- 
ſoribed parallel to the equinoctial, about its pole P, at given diſtances 
from it, either by finding the centers of ſuch parallels, ix Men in: B. IV. 
66 ; or by ſettimg off on each fide of z the half tangents of their greateſt 
and leaſt diſtances from 2z; then the middles of thoſe intervals are the 
centers ſought. Thus; the arctic circle is diſtant from p 234%; then to 
and from 2 r 50, add and take 234; there remain 7 32 and 262; the 
half tangents of theſe ſet off from z give p and 7; then a circle deſcribed 
on the diameter pq is the arctie circle; VVV 
In like manner will the centers of the tropic of Cancer c S c, and of 
ov „ > Feb %%% el 
8th. The northern portion of the ecliptic V S s is deſcribed from a 
center diſtant from 2 toward r, the tangent of 73z*, = 4 the ecliptic 
makes yith the bonn 
. | gth. Gre 


8 ” 


Bock v. A STRONOM v. - ny 


+ 9th. Circles of longitude I p , þ , p N, p &, p MM, are deſcribed thro? 
ps the pole of the ecliptic, from centers in the line BF c; in like manner 
as the hour circles were deſcribed through P, the pole of the equator. 

roth. Circles of celeſtial latitude, VIII g 1X, are deſcribed about p, as the 
circles of declination were deſcribed about p, the pole of the equinoctial. 
137. | PROBLEM III. 
T0 project the ſphere upon the plane of the equator. | 
In this projection the eye is ſuppoſed to be in one of the poles of the 
equator, ſuppoſe in the ſouth pole, and projecting the north hemiſphere. 
Plate IV. Fig. 6. 3 | ENT 5 5 | 
iſt, The equator is repreſented by the primitive circle, the center and 
pole of which is p. 2 | 25 1 ok 3 
2d. The hour circles are expreſſed by diameters, making angles of 15? 
with one another; of which x11 P x11 is the meridian, or ſolſtitial colure, 


and viP vi the 6 o'clock circle, or equinoctial colure. 1 
3d. Circles of declination are circles parallel and concentric to the equa- | 


tor, deſcribed from its center with radii equal to the half tangents of their 
ſeveral diſtances from the pole r, or half co-tangents of their degrees of 
declination ; Thus pg the arctic circle, and à S the tropic of Cancer, 
klare deſcribed with the half tangents of 232 and 662*® reſpectively; and hl 
ſo of the others. | LO SO EC EEE AT Dr Phnn D 
4th. The ecliptic making an angle of 232 with the equator ; the tan- 
gent of theſe degrees laid. from p toward à will give the center for de- =—_ 
- Acribing the ecliptic VS, the pole of which þ is in the polar circle, | | | 5 
Ith. Circles of longitude are deſeribel through p, the pole of the eclip- 13 
tic, in like manner as the hour circlet were deſcribed through p, the pole | 
of the equator in the laſt problem; and thus were the diviſions &, I. : 
K, M, obtained. * Ws 10 „ . | 13 
th. Circles of celeftial latitude are projected in the ſame manner as the 13 
circles of declination in the laſt problem. | 5 14 
3th. The horizon of any place, ſuppoſe of London, being inclined to the 
- Equator in an angle equal to the co-latitude, 380 28/; the tangent of this 
laid from r toward S, and the half tangent laid from P to. z, will give 
the center, and 2 the pole of the horizon HoR, . 
Sth. The prime vertical KZR making an angle with the equator equal 
to.51* 32/, the latitude of the place, its center is found by laying the tan- 


gent of 51* 32' from P toward o. | ; 5 
9th. Azimuth circles, making given angles with the meridian zo, are 
thus deſcribed: In a line drawn through the center of the prime vertical, 
at right angles to the meridian, take diſtances from that center, equal to 
the tangents of the propoſed azimuth angles, the ſemidiameter of the 
prime vertical being the radius, thoſe diſtances give the centers ſought; 


and thus was the azimuth circle Z A deſcribed. 


[ 


. ._I®th, Parallels of altitude are deſcribed about z, the pole of the hori- 
8 20n, at the diſtances of the co- altitudes, in the ſame manner as the cir- 
| cles of declination were deſcribed about p, the pole of the equator in the 
[laſt problem; and thus was the ſmall circle v & vir deſcribed at 10* diſs _ 5 
ö tance from the horizon, or 80 diſtant from its pole 24... #h 
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. PROB LS MBs.” 7 
Ko 77 projet? the ſer: upon the plane of the ecliptics | 


The eye is here ſuppoſed to be in one of the poles of the lips and 5 
thence viewing the northern hemiſphere. Plate IV. Fig. 7. | 


>: ecliptic i is pete repreſented by the primitive circle, the center 
of which p is its pole. 
2d. Gircles of longitude are here repreſented by diameters; thoſe that 
make angles of 30? with one another, being drawn through the ens 
marked with the ſigns of the zodiac. 
18843. Parallels of celeftial latitude are cickles deſcribed about p, concen- 
tric to the ecliptic ; ſuch is the ſmall circle, the diameter of which is ab, 
repreſenting the parallel of 107 of latitude. 
IAth. The eguctor making an angle with the ecliptic of 232; ; therefore 
the tangent of this inclination laid from p toward S will give the center 
of the equator V XII A; and the half tangent of 232 laid from p the 
ſame way, gives p for the pole of the equator. 
Sth. The eguinoctial colure, which here makes the ſix o'clock Wels makes 
an angle with the ecliptic of 662; therefore the tangent of 662 laid 
from p towards V, gives the center of the 6 o'clock cirele A 
S th. Hour circles paſſing through v, and making angles of 1 5 with 
one another, are deſcribed from centers, found in a right line paſſing 
though the center of V , and drawn at right angles to the ſolſtitial 
colure NP WP; by laying off in that line the tangents of 15% 30?, 45% 
50, 75% reckoned from the center of V A, on both ſides, the ſemi- 
diameter of this circle being the radius. Theſe hour circles cut the 


_ Equator in the hour points. 


being di 


7th. Parallels of declination, ſuch : as the tropic of Cancer, and the arctic 
eircle, the diameters of which are 12, 12, and pg, are deſcribed by laying 
off from 4 the half tangents of their greateſt and leaſt diftances : Thus q 

nt from p 47, makes pg=+ ACER of 47 the middle of Py 
will be the center of the polar circle, © 
_ +] $th. The horizon. Hok is to make an angle with the ecliptic equal to 
che difference between the co-latitude and the obliquity of the eeliptie, 
when v is projected to the north of p; otherwiſe that angle is equal to 


the ſum of thoſe quantities. And for London, where the ſaid difference 


=(38? 28'/—23* 28'=) 15 oO, the tangent of '15* o, gives the cen- | 
ter of HoR, and the half tangent gives 2 the zenith, - 
.  gth, The prime vertical HzR is deſcribed by at from Ps toward o, 
the co- tangent of pz for a center. 
roth. Azimuth circles are deſcribed through 2, maging given angles 
with the meridian 20, by finding their centers in a line drawn 0 0 
the center of NR, in the manner deſeribed for the hour circles, Prob. II. 
Ixth. Parallels of altitude are repreſented by deſcribing ſmall circles 
parallel to the horizon nor, at given diftances from it; or, which 
comes to the ſame, deſcribing ſmall circles about the pole 2, at diſtances 
equal to the complements of the given altitudes ; And thus the circle 
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SECTION- V. 
Problems of the Sphere. 


t HoOELEM V. Pl. V. 
Given the Sun's longitude, and the obliquity of the ediptic; ; | 
Required the Sun's right aſcenſion and declination. 


Exam. Let the obliquity of the | ecliptic, or the Sun's greateſt declination, 
de by 287“ and the Sun's place 13* 160 in Taurus Required the reſt. 


ConsTRUCTION. 
In the primitive circle pts9, repreſenting the ſolſtitial colour, the center 
of which is Y, draw a diameter Eq for the equator, and at right angles to 
EQ draw a diameter ps for the equinoctial culure : Make ES 2235 287%, 


and draw a diameter g M for the ecliptic, in which (IV. 71.) take Y © = 


43 16 for the Sun's diſtance from the point 1 e Os deſeribe 
a circle of right aſcenſion. 


CourorATTIOY. See Book IV. Art. 139, 131. 
In the right angled ſpheric triangle 105, 
Given Sun's longitude TO = 43 16/ Req. tight aden VB. 
Obliquity of the eclip. Z. OVER = 23 28 declin. BO. 


To find the declination. | To find the right aſcenſion. 


As radius it  10,05000 | As radius = R 10 00000 
To ſ. Sun's lon. = 43 16“ 9,83594 To t. Sun's lon, = 4316“ 9,97371 


So ſ. ob. echp. = 23 28 9, 60012 | So co-f. obl. ecl. = 23 28 9.96251 


hs — —— 


To ſ. Sun's decl. 15 50 erer rt. aſcen. 2 4 48 9,93622 


140. While the ſun is moving from V to S, or is in the firſt quadrant 
of the ecliptic, the given longitude i is the hypothenuſe in the triangle On, 
the declination BO is north, and Ve is the right aſcenſion, 

When the Sun has paſt the ſolſtice D, and is ; deſcending toward 4 he 
is then ſaid to be in the ſecond quadrant, and his longitude or diſtance from 
V being taken from 18099, the remainder = © becomes the hypothenuſe, 
and the declination is ſtill north; but the arc B found for the right 
aſcenſion is only the ſupplement, and muſt therefore be taken from 180%, 


— — —— 


The Sun having paſt the point , and deſcending toward W, has got 
into the third quadrane; the longitude then, reckoned from Y, will be 
greater than 180°: In this caſe the exceſs above 180%, or the diſtance the 


Sun is removed from , will be the hypothenuſe O; the declination 


will be ſouth; and the arc A, found for the right aſcenſion, mult be 


added to 1805% to give the right aſcenſion eſtimated from F. 

When the Sun has paſt the ſolſtice ys, and is alcending toward V, he 
is then in the fourth quadrant; . the longitude is greater than 
270%, and muſt be taken from 360%, to give the hypothenuſe = ©. Here 
the declination is ſouth, and the right aſcenſion & A, found by the propor- 
lion, muſt be taken from 3609, to give the right aſcenſion from Y. 

At equal diſtances from the equinoRial points F or =, the Sun will 
have equal quantities of declination; but will be of different names, ac- 
cording as it is on the north or ſouth ſides of the equinoctial. 
„„ Q 141, PR 0. 
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141. PROBLEM VbÞ- Pl. V+ 


Given the obliquity of the ecliptic, and the Sun's declination; ; 
Required the Sun's longirude and right aſcenſion. 


Exam. The obliquity of the ecliptic, being 23% 287 what is the Sun's e | 
tude and right aſcenſion when he has 20* 43 of north 2 9 20 4 | 


ConsTRUCTION.. 


Having deſcribed the ſolſtitial colure, and drawn the equator 20 the 
axis Ps, and the ecliptic S , as before; make En, Qu, equal to the given 
declination, and (3d 133) deſcribe the paralle of declination un, its in- 


terſection with the ecliptie gives O the Sun's place; through P, ©, s, 
deſcribe the carte of right aſcenſion POS. 


r 
4 WE, 


| CoururaAr fox. 
In the right-angled ſpheric triangle Y OB. 


Given the ob. eclip. LOY.B = 23% . Required Sun's. long. . 
the Sun's decl. O = 20 42 rt. aſcen. V B. 


To find the Sun's longitude. Ta find the Sun b right aſcenſion, 
As ſ. obliq. eclip. =23? 28* o, 39988 As radius = 10,00000' 
To fin, Sun's decl. =20 43 9.54869 | To co-t. obl. eclip. =23* 28' 1089539 
So radius Rx  10,00000 So tan. Sun's dec. 20 43 9,57772 
5 2 3 9 — 
' To ſin, © longit, =62 40 9,94857 [To ſin. rt. aſcen. . =60 36 9.94011 


Therefore the Sun is in N 2 40% or in cz 8 279 20% according a as the 
time of the year is before or after the ſummer ſolſtice. 


142. % / oo v. 


Given the obliquity of the ecliptic, and the Sun's right aſcenſion ; b 
| Required the Sun's | ngitude and declination. - 


- Exam. When the Sun's right aſcenſion is 60® 31/, what is the longitude 
and preſent declination, the obliq. of the eclip. being 2 3 28“ 


Cons TRUCTION. | 
The ſolſtitial colure, equator, axis, and ecliptic, bane: deſcribed as 


before, make Y B= given right aſcenſion (4th 133), and deſcribe the 
cel PBs, cutting the ecliptic i in O the Sun's place. 


Co MPU TAT TON. 
In the ahl ſpheric triangle Or; the leg n and Z OW B 


| being known, the hypoth, TY ©, and other leg OB, are found as in Art, 


237, . Book IV. 


As rad. : co- ſ. ob. eclip. : : Co-t. rt. As rad. : tan, obl. eclip. : * rt. 
2 [ af. : co-t. O long. ſaſ. : Fa, decl. 
As rad. : co-ſ. 239 28/ ; : co-t. 609 31 3 rad. : tan. , 23? 28 : ; ſin. 05 31 
| [: co- t. 02% 35 L: tan. 20% 42 
Three other problems may be formed. out of the four thing s concerned, 
or obliquity of the ecliptic, declination, longitude, and right aſcenſion ; 
But theſe being of little more importance than as an Exerciſe 1 
angled ſpheric triangles, they are ae omitted. | 


143. PRO. 


Pig 
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143. __PROBLEM VII. PL. V. 


Given the latitude of the place, and the Sun's declination 3 | 
- Required the Sun's altitude and azimuth at 6 o'clock. 


Exam. At London, in lat. 51* 32/ N. on the longeſt day, when the Sun's 
declination is 23 28/: Required the Sun's altitude and azimuth at © 9'clack 
in the morning or evening. | 55 | YE 

7 ConsSTRUCTION. | 
Deſcribe the meridian, draw the horizon HR, and prime vertical zx; 
make RPp=latitude 5 1 32/ N.; draw the 6 o'clock hour circle 28, the 
equator EQ, the 23* 28“ N. parallel of declination „ m, cuttiig the 
6 o'clock hour circle ps in ©; and through z, ©, N, deſcribe the azimuth 
circle z © x, cutting the horizon in A; then the things given and re- 
quired fall in either of the triangles z © or Y © A, they being ſupple- 
mental triangles one to the other.. . 3 
5 „%%% OMP TATION. -.- 
In the ſpheric triangle 2 Or, right-angled at p. . 
Given the co-latit. zy 3892870] Required the co- altitude 2 G. 


< An 
— . 


the co-decl. &p=66 321 the azimuth £4 © ZP, 
Or in the ſpheric triangle Y A ©, right-angled at a. | 
Given the latit. aA © =51*? 32/9 Required the altitude AO. 
the decl. VO 223 28 the co-azimuth Pa, 
To find the altitude AO. T0 find the azimuth Xx. 
As radius = R 10,00000 | As radius = R © 10,00000 
To fin. decl. — 239 287 , 60012 To co-ſ. lat. 332 9,79383 


So fin. lat. = 51 32 9,8937580 tan. decl. = 23 28 9.63761 


To fin. alt, = 18 10 9, 49387 To co-t. azim, = T6 43 9.43144 


For the arc AR meaſures the RZA, the azimuth, (IV. 9) + 


144. On the ſhorteſt day at London, the parallel of S. declination cuts 
the 6 o'clock hour circle below the horizon; and as the triangles TAO, 
Fa O, are congruous, the depreſſion below the horizon, on the ſhorteſt 
day at 6 o'clock, will be equal to the altitude at the fame hour on the 
28 day; and the azimuth will alſo be equal, if eſtimated from the 
outh. | | | | . | 

Soc that on the 21ſt of June, at London, the Sun will bear N. 745 7 
$3 E. at 6 o'clock in the morning, and N. 74 53/ W. at 6 in the f 
evening; but on the 21ſt of December, at the fame hours, it will bear 
8. 24 55 E. and S. 74 53“ W. . Fe „ 
rom a due conſideration of this Problem it is evident, that as the de- 
clination increaſes, the altitude increaſes and the azimuth leſſens; and = 
the 8 happens. while the declination is diminiſhing: So thai on 
the days of the equinoxes, on which the Sun has no declination, the 41 
tude at 6 o'clock will be nothing, or the Sun will be in the horizon; and 
the azimuth being then go degrees, the Sun will be due eaſt in the morn- 
ing, and weft in the evening ; that is, on the days of the equinoxes the . 
Sun riſes and ſets at ſix, in the eaſt and weſt points of the horizon. N, 
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© PROBLEM. I. Pl. V. 
Given the latitude of the place, and the Sun's declinationn 
Required the altitude and hour when the Sun is due eaſt or weſt. 


Ex AM. At London, in latitude 51 32“ M, what is the Sun's altitude, 


and the hour when he is due eaſt or weſt, on the longeſt day, er when the de- 
clination is 23? 28 N,P q; | 


N ConSTRUCTION. 
Deſcribe the primitive circle to repreſent the meridian of London, 


draw the horizon HR, and the prime vertical zN ; make RÞP=$51*® 32/, 


the given latitude, draw the 6 o'clock hour circle ps, the equator EO, 
the parallel of declination m (3d 135), cutting the prime vertical in O, 
and through s deſcribe (II. 72) the hour circle Os, cutting the 


- equatorin 4. 


tat aceount. 


' PZS, or Y AG. 


To fin. alt, Y @=30 34 9,0637 To ſ. h. fr. 6. a y=20 11 


Here the things concerned in the Problem fall in either of the triangles 


COMPUTATION. 
In the ſpheric triangle pz O, right-angled at 2. 
Given the co- latit. Pz 38928“ ) Required the co- altitude 20 
the co-decl. PS 66 32 the hour fr. noon ZO. 
Or in the ſpherical triangle 4, right- angled at Ka. 


Giventhe latit.  AY©=51* 32/ ] Required the altitude F © 


the decl. Ag=23 28 1 the hour after 6 A. 
To find the altitude Y O. : T0 find the hour after 6. 
As ſ. lat. ZA Y@=51* 327” o, 10625 As radius =>. 10,00008 


To fin. dec, ag==23 28 g,6coliz| To co-t. lat. a Y©=51? 32' 9,yg0009 


So radius => 10, ooooo] So tan. decl. aG=23 28 9g,03761 


— —— — — — — — 


9453770 


Which 20® 11/ converted into time (132), gives th. 20 m. 44s. for 
the time after 6 in the morning, and before 6 in the evening, when the 
Sun will appear due eaſt or weſt ; which witl be at 7 h. 20m. 448. in 
the morning, and 4h. 39 m. 168. in the afternoon, 10 

Or, the compl. of 20% 117, viz. 60 49“ put into time, which gives 
4h. 39 m. T6s., ſhews the time before and after noon, when the Sun 


| ill be due caſt or weſt. 


'.- 286; -T ns Problem worked for the ſhorteſt day, namely, in the A Van, 


which is congruous to YAO, would give the Sun's depreſſion at the 
time when he was eaſt or weft, which would be before 6 in the morn- 
ing, and after 6 in the evening, by as much as was found above, viz. 
Ih. 20m. 2 | . 8 | 8 k 

By this Problem it appears, that when the latitude of the place, and 
the Sun's declination, have the ſame name; then, the greater the declina- 
tion and latitude, the. greater the altitude and time from 6: And having 


' contrary names, the ſame things happen; but with this difference, that 


in the former caſe the days lengthen on account of the increaſe of the la- 
titude and declination z whereas in the latter caſe the days ſhorten on 
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147. PROBLEM X. pl. v. 


Given the latitude of a place and the Sun's declination . 
Required his amplitude and aſcenſional difference. 


Exam. At London, lat. 5 1 32/ N. on the 21½ of Fune, being the longef# 
day, when the Sun's declination is 23 28” W. How far from the north does 
the Sun riſe and ſet, at what time, and what is the length of the day and 
night? f „ 1 8 5 

CONSTRUCTION. 


Let the primitive circle repreſent the meridian of the place, and the 

dliameter HR the horizon; from R, the north point, take Ry g 51 32/ for 
the latitude, draw the axis, or 6 o'clock hour circle ps, and at right angles 
to it draw the equator EQ; make Ex, O = 23 28/, the declination, and 
(34 135) deſcribe the parallel of declination n, cutting the horizon in 
©, the place of the Sun at its riſing and ſetting ; through which deſeribe 
(II. 72) the hour-circle PQ s. 


CompuTATION. _ 
Now as the arc q& =co-latitude, meaſures the C R. 
In the ſpheric triangle Y © A, right-angled at K. HD 
Given Sun's dec. A0 2232 1388 the amplitude x ©_ 
co-latit, AF O =38 281 the afcen;, diff. V A. 
To find the amplitude Y ©. i 


As fin, AV O, co-l. 2389 28“ 0,206 17 This 397 48/ is the amplitude rec- 
To fin. decl. 40 ==23 28 9, 60012 koned from the eaſt or weſt points of 
So radius == 19,00000| the horizon: But its complement 
| 50912“ ſhews how far from the north 

To ſin, amp. VO =39 48 9,80629 the ſun riſes or ſets on the longeſt 
0 e day at London. | „„ 


— —— — 


>. "oh find the aſcenſional difference V A. 


As radius TW , 10,00000) Which 33* 07”, converted into time 
To t. lat. . © —51? zz! 10, 9991 (132) gives 2h. 12m. 28s. for the 
So tan. decl. 40 =23 28 9.63761 time which the ſun riſes before, and 


( TIP ———”|ſets after, the hour of ſix on the 
To l. al, diff, Ya =33 ts 9.73752 longeſt 45. | mee | 25 TY | 


Suppoſe rs to be a parallel of declination, as far ſouth, as m 1 is north; 
then the hour circle PBs, paſſing through O the place of the ſun at its 
riſing or ſetting, will form a triangle Y © BEA © A, where the ampli- 
tude is to the ſouthward of the eaſt and weſt points. | 


148. Hence it is evident, that when the latitude and declination have the 
. fame name, the Sun riſes before, and ſets after 6 : But when they are of con- 
trary names, the Sun riſes after, and ſets before 6. | 


BE | 149. And 
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149. And as the Sun deſcribes the parallel of declination » m in 24 
hours, being at » when it is noon, and at n when it is midnight; therefore 
the time in paſſing from m to ©, or the time of riſing being doubled, 
gives the length of the night; and the time of ſetting being doubled, muſt 
- give the length of the day. Ty e 


Then to and from . | 6h om os 


Add and ſubtra& the aſcen. ak... 4. 13-28 
Sum, gives © ſetting ” Fa "3 42 "ov 
Diff. gives © riſing e 3.47 32 
Length of 40 is: a | 16 Ne 
 "Lengthofwight®s 7 35 04 


| But when it is the ſhorteſt day at London, which is, when the Sun has 
23 287 ſouth declination; then the lengths of the day and night change 


places; the day being 7 h. 35 m. 045, long, and the night 16 h. 24 m. 
. e pes : FI to | = 


150. When the latitude and declination have the ſame name, the differ- 
_ ence between the right aſcenſion and the aſcenſional difference, is the ob- 
Tique aſcenſion ; and their ſum is the oblique deſcenſion. 2 


But when they are of contrary names, their ſum is the oblique aſcenſion, 


and their difference is the oblique deſcenſion. 


151. When the declination is equal to the co-latitude of any place 
(which can only happen to places within the polar circles), then the pa- 
rallel of declination will not cut the horizon, and conſequently the Sun 
will ng ſet in thoſe places during the time his declination exceeds the co- 
latitude: And the ſame may be ſaid of all thoſe ſtars, the polar diſtance 
of which is leſs than the latitude of the place; or, which is the ſame 
thing, that have declinations leſs than the co-latitude, for thoſe ſtars will 
never deſcend below the horizon of that place. But this is to be under- 
ſtood only when the Sun or ſtars are in the ſame hemiſphere with the given 
place; for when the Sun or ſtars are in a contrary hemiſphere to any place, 


the co-latitude of which does not exceed the declination of thoſe celeſtial 


objects, then they will never riſe above the horizon of that place, and con- 
ſequently are never viſible there, | | 


: 4 | | 152. PRO- 


| 

BI 
' 
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1 „ Pl. v. 


Given the latitude of a place, the Sun's declination and altitude; 
Required the hour from noon, and the ſun's azimuth. 


Ex AM. In the latitude of 51 32/ V. the Sun's altitude was obſerved to be 
46 20, when his declination was 2.3% 28“ N. IFhat was the Sun” $ azimuth, 
and the hour when the obſervation was made ? 


ConsSTRUCTION. 


Let the primitive circle ZRNH repreſent the meridian of London, RR 
the horizon, z the prime vertical; make Ry S5 32/ the height of the 
pole at London; draw the axis Ps, and the equator EQ; lay off the declina- 
tion En, O 23 28 N. the altitude Hy, Rs, 4600; and (IV. 68) de- 
ſcribe the parallel of declination 7 m, and the parallel of altitude rs, cut- 
ting one another in O, the place of the Sun at that time; through 2, O, N, 
78 high an azimuth circle 2 O N, and through P, ©, s, deſcribe an hour 
circle POs: Then the angles Oz, O pz, being meaſured (IV. 72); will 
give the azimuth and hour from noon required, 


| ComPUTATION, 
In the oblique-angled ſpheric triangle Þ Oz. 
Given the co-latitude 27 238928“) Required the azim. Z O2P. 
the co-alt. or zen. diſt. 2 0 =43 40 c and the h. fr, noon CZ. 
No the co-dec. or pol. diſt, ©p=66 32 J See Art, 167. Book IV. 


20 find the azimuth 2. © zP., 


Here 2D=43 40 Then Co-ar. fin, co-lat. 22380 28 o, 20617 
Er 38 28 | Cosar. fin. co-alt. = 43 40 o, 16086 
ot: *. | - Sin. ſam co-decl. & =35 52 9,76582 
zOY—zy = 5 12=d . Sin. 2 diff. co:decl. & Do =30 40 9,70761 
| ISP #0 1 * 
The ſum of che four logs. 533 19584246 
1 NT 5 — — 
ae 3s . The Z ſum gives 56⁵ 312% 9.92123 
61 20030 40 a 


| ==—— | Which doubled, gives 113 2 azimuth 
l reckoning from the north. 5 | 


To find the hour from noon, 4. © PZ. 


Here pP©=662 327 Then Co-ar, fin. co-decl. =660 32 0,03749. 
PZ==38 28 Co-ar, fin, co- lat. 38 28 0, 20617 
— | Sin. £ ſum co-alt. & D . =35. 52 9,76782 
 PO—Pz=28 4=D din. 1 diff, co-alt. & o = 7 48 9,13263 
213 40 | ; . | — — 
ee The ſum of the four logs. 19,14411 

71 441359 52] .- = —ů— ( 
2)—— | The 2 ſum gives 21 55“ © 9.57206 

. 2 
— This doubled, gives 430 500 for the meaſure of the 


hour from noon, which is 2 h. 55 m. 208. 


Hence it appears, that the obſervation was made either at 9h. 4m. 40 8. 
in the morning, or at 2h. 55 m. 20 8. in the afternoon. 
The azimuth being firſt found, the hour from noon might have . 
found by the proportion between oppoſite ſides and angles. 
Q4 | Had 
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Had the declination and latitude been of contrary names, the ſame kind - 
of operation would have been uſed to find the things required, only the 
fide GP would have been obtuſe ; by adding the declinat. to 90, inſtead of 
— it, as in the caſe of the lat. and decl. having like names. 
4 | * 4 4 


IJ) ͤ IC =: -:-etv. 
Given the latitude of the place, and the Sun's declination ; | 
Required the time when the twilight begins and ends. 


Exam, At what time does the twilight begin and end at London, when the 
Sun's declination is 15% 12 N. the latitude of the place being 51 32 NM. 


5 d SHIT 5 
Let the eircle zx NEH repreſent” the meridian of the place, Hr the hori- 
zon, ZN the prime vertical, and ?s the Crepuſculum, or ſmall circle parallel 
to the horizon deſcribed at 18 degrees below it (IV.68) ; lay off the lati- 
tude RP, draw the axis Ps, the equator EQ, and deſcribe the parallel 'of 
declination m, and where n m cuts t in , is the Sun's place at the time 
of the beginning or end of the twilight; through © defcribe (II. 72) the 
vertical circle z ON, and the hour circle Ps; then the Zz © being mea- 
ſured (IV. 72) will give the time before or after noon. as required. 


INS CoOmPUTATION. o 
In the oblique-angled ſphenic triangle 2 Op. 


Given the co-lat. zp= 38*28/, Req. the hour from noon= L.2PD. 


the polar diſt. PO= 74 48 The manner of ſolution is the 
the zenith diſt. 22 =108 oo 4 . ſame as in laſt Problem. 

Here C= 74*48' [Then Co-ar. fin: polar diſt. ==74* 48" 0,01547 
Pz= 38 28 1 Cos ar. fin. co-latit, =38 28 0,20617 

OY — Sine : ſum. of zen. d. & DD 10 9,97861 
PO—P2= 36 20==D Sine 7 diff. of zen, d. & p=35 50 9,76747 
Sie = | ——— — 
— | The ſum of theſe four logs. 19,9672 
, (oo SO lf SE —— 
2)=—==| [[ The half ſum gives 74 2877 9,983 86 

e , END) 5 3 

Which doubled, gives 1485 for CzYO. 


And 148 f) reduced to time gives. gh. 55m. 485. either before or after 
noon ; that is, the twilight begins at 2h. O4 m. 125, in the morning, and 


ends at 9h, 55m- 48s. in the evening on the given day, at London. 


154. When the declination becomes greater than the difference be- 
tween the co- latitude and 18 degrees, then the parallel of declination 21 n 
will not cut the parallel z s 18 degrees below the horizon, and conſe- 
quently at that time there will be no night at that place, but the twi- 
light will continue from Sun-ſetting to Sun-riſing; and on this account it 
is, that from the 2 2d of May to the 21ſt of July nearly, there is no total 
darkneſs at London, the Sun's declination during that interval being greater 
than 20? 280, which is the difference between 18 and 38 28/, the comple- 
ment of the latitude, _ 5 


155. PRO- 
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ff . pl. V. 
Given the time of the year, che latitude of a place, ne the altitude of 
a known fixed ſtar; - 


Required the hour of the night when the obſervation was made. 


Exam. Some time in the night, on the I/ of September 1780, ſuppoſe 
the flar Arcturus, the declination of which is 20* 30. NM. ſhould be obſerved 
at London to be 275 120 above the horizon : At what hour would the ober va- 
tion be made ? | | , 
| Cons TAU T0 A. 1 9 


Deſcribe the meridian of the place, draw the horizon HR, the zenith 


and nadir of which are z and , and deſcribe the parallel of altitude rs at 
27e 12/ above the horizon; take Þ the north pole 51 32/ above the ho- 
rizon for the latitude of the place, and s the ſouth pole as much below the 
horizon; draw the equator EQ, and deſcribe (3d 135) the ſtar's parallel of 
declination n m; and where this parallel » cuts the former r in *, is 
the poſition of the lar at the time of obſervation ; deſcribe (II. 72) the 
vertical circle ZR N, and the hour circle Ps, and the angle z? * being 
meaſured (IV. 72) gives the hour from, or to, the time of the ſtar” 8 cul | 
minating. | 
| ComPUTATION. 
PN the oblique-angled ſpheric —_ P Z. 
ven the co-latitude pz = 38˙ 2 
the co-altitude 2 & ws 4.8 Poms 14 os hg the hour 
the potay diſt. x P =69 30 8 OO” 


Here v = 30/ jo Then Co. ar. fin. co-lat. ==38* 28' 0,20617 

-PZ==38 28 | Co. ar. ſin. pol. diſt, ==69 30 0,02841 

| Sin. 2 ſum zen. diſt. and y=46 55 9,86354 

pK—Pz=31 2=D [ Sin. + diff. zen, dilt.andv=15 53 943724 
i "FROGS 48} . —_ 

| The ſum of the four loge. 19.535368 

93 50ſ46˙55 1 e 

2 The ſum gives 3 5? 510 9,7676068 

31 46/15 53 —— 

— [Which doubled, gives 719 42 ar x. 


This 71 420 turned into time (132) gives 4 h. 46 m. 48s. for the time 
which has elapſed finge the ſtar was on the meridian, 


Now, at the time of obſervation, September 1, 1780. ＋ 33) 
The right aſcenſion of Arcturus was 14h 5“ 42“ 
The right aſcenſion of the Sun at noon of. | 10 44 34 
| Time of culminating nearly | 3 21 "of | 
And 24h is to 3 37 as 3h 214 is to e 
The ſtar ſouths, or culminates at | ol POR 33 
The time that the ſtar has paſſed the meridian | 4 46 48 
| "The ſum is the hour of the night We 8 — 26 P. N. 


— 


+ 
# % , 7 . 
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n 
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+ Aſtronomical tables at the end of Book V. 
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And whether to ſubtract or add will always be known by the ſtar's 


being in the eaſtern part of the horizon, or N z Or r by wrap. 5 in * 
weſtern part of the horizon, or deſoending. 


. PROBLEM XIV. "= pl. v. 
Given the obliquity of the ecliptic, and a ſtar's right aſcenſion and de- 
clination 3 


Required its latitude and longitude, | 


Ex AM. II hat is the latitude and longitude of a pf its right aſcenſion 
being 16 h. 14 mi. its er rs 25? 51 N. and the guy oe the ag id 
mt br: (nar; | 

| ConsTRUCTION. 

5 9 the primitive circle repreſent the ſolſtitial colure, in which draw 
| the equator EQ, mark its poles P 8 and deſcribe (3d 135) the parallel of 
the ſtar's declination a m. 

The right aſcenſion 16h. 14 m. =24.3* 30/, which being 63 30/ oe 
1805 falls in the third quadrant; therefore make (IV. 75.] Y a=63 30, 
deſcribe (4th 135) the circle of right aſcenſion, cutting the parallel n m 
in &, the point of the heavens repreſenting the ſtar. | 

Make x 25 =23* 28', the obliquity of the ecliptic, draw the ecliptic 
© W, find its poles p, q, and through p, X, 9, deſcribe a circle of longi- 


tude ; then the arc p * meaſured IV. 70) will give the co-latititde, and 
: the * X will ſhew the longitude, | | 


- ComPUTATION. 
In the ene ie ſpheric triangle p p R. 
+ Given the obliq. ecliptic pH = 2328“) Required the ESE Pp. 
the co-declination PX = 64 0g i and the longit. pH X. 
the right aſcen. C243 30 J See art. 1 50 I 52. B. IV. 


| To find the latitude, MOMS 
As radius = R- | 10,00000[ As co-f. 4th hers 34 0,32227 
To co-ſ. rt. aſc. =26* 30 9,95 179 To co-ſ. gthare=38 06 9.89594 
So tan. co-decl. =64 09 10,3 1471 So fine decl. 25 51 9,63950 


To tan. 4th arc =61 34 10,6650 To fin. lat. ==46 065 9.85771 


Obl. eclipt. 223 28 N n 
| | | | Here the ſtar's latitude is 4606 N. 
1 arc ==38 ob | becauſe the declinat. is N., and greater 


chan the obliquity of the ecliptic. 


: T9 fd the longitude, ; 
As fine «th arc == 330 6“ o, 20969] Here the longitude. 144? ;6 being 
To ſine 4th arc = 61 34 994417 [added to gos, gives 234 36“ for the 
So tan. rt. aſc. = 26 30 9,9774 ftar's longitude, reckoning. from the . 
— — firſt point of Aries. | 


To tan, longit. ==234 36 9,85 160 | 
For the right aſcenſion being in the third quadrant, the tar is there alſo. 


Now in 234” 360 are 7 ſigns 24 36“; that is the ſtar's place, or lon- 
gitude is 24 36“ in the gth ſign, or 24* 360 in m 


By the preceſſion of the equinoxes, the 5 ſtars, although they. . 
ways keep the ſame latitudes, yet are cqntinually altering their longitude, 


right 


- 
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right aſcenſion, and declination; the alteration in longitude is uniformly 
50 ſeconds and 3-1oths yearly (22), but that of the right aſcenſion and 
declination is conſtantly varying: So that many ſtars, which once had 
north declination, come to have ſouth z while others change from S. to 
N. declination, | „ | 


157. "FROBLEM xv. Pl. V. 
Given the right aſcenſions and declinations of two fixed ſtars; 
Required their diſtance. | 


Ex Au. What is the diſtance between the fixed ſtars, Betelgueſe in the caſt 
ſhoulder of Orion, and Aldebaran in Taurus; the former having 7 21/ N. 
declinat, with 5 h. 43m. 16 s. right aſcenſion; and the other 16* 03/ NM. 
declinat. with 4 h. 23 n. 20 5. of right aſcenſion. N 


| CONSTRUCTION. 

As Aldebaran precedes Betelgueſe in right aſcenſion, let the primitive 
circle repreſent the circle of right aſcenſion paſſing through Betelgueſe ; 
deſcribe the circle of right aſcenſion PAs, making with pgs an angle of 
. 9e 59 (IV. 75) equal to the difference between the given right aſcen- 

— | | 2 35 
Deſcribe the parallels of declination Bm, 75, at the given diſtances 16% 
- OY N. and 7 21” N. (3d 133) ; and the interſections a, of Aldebaran's 
declination, and B, of Betelgueſe's, with their reſpective circles of right 
aſcenſion, will be the poſitions of thoſe ſtars from one another: Then 
draw a great circle BAC, through B and A, and the intercepted arc BA (mea- 
ſured by Art. 70. Book IV.) ſhews the diſtance of thoſe two ſtars. 


35 COMPUTATION... (IV. 151) 
In the oblique-angled ſpheric triangle pas, EET 
Given the co-decl. of Ald. PB=73* 57/7 | 

1 the co- dec. of Betelgueſe PA 82 39 | Required their diſt. AB. 

| diff, of right aſcen. 4. ayrB=19 39 4 EEE ; 

Radius 1 10,c0000| Co- ſ. 4th are 82 11 ,86645 

To co-ſ. diff. rt. af. 19 597 9.973030 To co- ſ. 5th are 8 14 999550 

As co-t. Betelg. dec. 7 21 10,88944 As fin. Betelg. dec. 7 21 9g,10657 


To tang. 4th arc | 82 11 10, 86247 To co- diſt. 21 25 9.96892 
Aldeb. co-dec, | 7 3 37 "© The fame reſult would have come 
OS dcdu,, had the declination of Aldebaran 
Remains 5th are. 8 14 been uſed in the proportions. 
PROBLEM) XVE „  % 


Given the latitudes and longitudes of two known fixed ſtars ; 
Required their diſtance. 


ExAM. Aliath, in the Great Bear, Lon. m 5 49 Lat. 54 18/ N. 
= Arfurus, in Bootes, Lon. z 21 10 Lat, 30 54 MN. 

The conſtruction of this Problem is like that of the laſt ; only inſtead 
of circles of right aſcenſion read circles of longitude, and uſe parallels of 
| latitude inſtead of parallels of declination, | Th 


* 
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The computation i is alfo like that of the laſt, 1 being given two co- 
latitudes and the included angle, which is the difference between the given 
Jongitudes : Thus Arcturus's long. is 621 10), and Aliath's is 85 55 4 
their difference is 1* 152 217, or 45 210. | 

Hence the andes will be found to be 39* 450 


ths: at 5 PROBLEM XVII. dr RYE 


Gives the latitude and longitude of a fixed ſtar, and alſo the obliquity 
of the ecliptic ; | 


Required the right aſcenſion and declination of that ſtar. 


Exam. Suppo 5 the latitude of a flar is 7e og N. its longitude Y 29” 017: 
hat is the righ N and declination 9.10 that fear, the obliquity of the 
ecliptic being 23˙ 28/? 


The conſtruction of this Problem is much like that of Prob. XIV.; 
only here the interſection of a parallel of latitude ch, with. 2 circle of lon- 
gitude pag, will give the place of the ſtar, KP LL 

The computation is alfo as in Prob. XIV ; for here are given pp 
23* 28 pA=82* 51', and the / Pppa=bo0? 590, the longitude from the firſt 
point of S, to find PA the co-declination, and ZpPA the right aſcenſion, 

The declination of the ſtar will be found to be WH 49“ N. (IV. 151) 

And the __ ne wer be * 195 | be (IV. I 50) 


160. PROBLEM XVIII. | . 


Given the meridional altitude of an oy celeſtial object, ſuppoſe a comet, 
its diſtance from a known ſtar, and the latitude of the place 
Required the dechnation and right aſcenſion of that comet. 


ExAM. Suppoſe a comet was obſerved on the meridian at London, when its 


| altitude was 51 55% and its diſtance from the ſtar Arcturus was 592 47: 
What was the deAlination and right aſcenſion of the comet at that time? 


ConsTRUCTION. FI 

In the primitive circle, repreſenting the meridian of the place,-draw the 

horizon HR and prime vertical z N; lay off the given latitude RP g 51 32/, 
draw the axis ps, the equator EQ, and (3d 135) u m Arcturus's parallel 

of declination 20 21', From the ſouth point of the horizon lay off the 

given altitude of the comet 51 55/ from E too: About the point o as 

2 pole, at the given diſtance between the comet and ArQurus, deſcribe 
(IV. 68) a ſmall circle @ @ cutting the parallel 2 m in &, the poſition of 
Arcturus at that time: Deſcribe the circle of right aſcenſion p *, and 
a re circle through o and *. 


CoMPUTATION, 


Since HE= 38 28 the co-lat. and the alt. no 51 £2: then kor 
(HO—HE=) 13* 27, is the decl. ſought; which is north, as the altitude 
exceeds the co- lat.; conſequently the Wr diſtance 70 335 1 

; 8 | hen 
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Then in the triangle PR o are given the three ſides to find the 4 op, 
the difference between the right aſcenſions of the comet and Arcturus. 
And (IV. 154) the £0» x will be found 2 24 h. ꝙ m. 35s. which 
is the difference of their right aſcenſions: Now if Arcturus had paſſed the 
meridian, the right aſcenſion of the comet was 18 h. 15m. 16s. but if 
* Arcturus had not paſted the meridian, the right aſcenſion of the comet was 

h. 56 m. 48. it being, in the former caſe, equal to the ſum, and in the 
latter to the diff. of Arcturus's right.aſcen. and the oH *%. 

—: oer WS 154 Pl. V. 

Given the latitude of a place, the Sun's declination and Azimuth; | 
Required his altitude and the time of the obſervation. | 


_ » Exam. In the latitude of 13* 39 N. and when the Sun has 23 28/ N. 
declination : What is the Sun's altitude and time of the day, when he is ſeen 
an the ENE azimuth circle? © „ 
. ConNSTRUCTION, 1 : 
Let the primitive circle repreſent the meridian of the place, in which 
NR repreſents the horizon, and ZN the prime vertical; make Rp equal to 
the latitude, draw the 6 o'ciock hour circle ps, the equator EG, and (3d 
153) the parallel of 23? 28/ of declination a m : The tangent of 67* 30/ 
being laid from the center a toward H, gives the center of the vertical 
circle ZDN, which cuts the parallel z m in the points a and B; and ſhews 
that at two diſtant times in the forenoon the Sun will have the azimuth 
propoſed : Through the point A and 8 deſcribe the hour circles pas, pps 
(II. 72) ; the angles 25 A, zB, ſhewing the times from noon, may be 
meaſured by Art. 72. Book IV.; and the altitudes Da, Ds, by Art, 70, 
Book IV. | | | | | 
. CompuTATIoN. See Art. 146. Book IV, 
In the ſpheric triangle Pz A, or PZB, there are known, | : 
The co-lat. pz=76* 30/; the co-decl. pa, or PBG 32/; the azim. 

£ PzZD=67? 30. . . 
To find Za, or Zz, and the ZZ PA, or 4.2PB, | „ 

As radius: co-f. azimuth : : co-t. lat.: to tan. of a 4th arc M = 57 54. 
And as fin. lat.: fin. decl. : : co-f. M to co- ſ. of a 5th arc N24 56/. 
Then MN, or 57 54/ +24* 56 =82* 500 A, is the comp. of leaſt alt. 

And Mx, or 57 54/—24 56/=32* 58 =2B, is the comp. of the gr. alt. 
Therefore, when the Sun has 7 10% or 57 02/, of alt. he is on the given 
e =] IE Cr i 5 

Again, As co-ſ. dec.: fin. azim. :: co- ſ. leaſt alt.: fin. hour fr. noon 87 55/, 

And as co- ſ. dec. : fin. azim.: : co- ſ. greater alt.: fin. h. fr. noon 335 147. 
But 87 55 5 5 1 40; and 33 14/=2" 12 565, the reſpective 
times from noon. 17 5 5 . EH 
Conſequently the Sun will be ſeen on the ENE azimuth at 6 h. 08 m. 
20 8. and again at gh. 47 m. 4s. both in the morning: Alſo, in the 
afternoon he will be on the WNW azimuth at 2 h. 12 m. 56s. and at 
SMP. LIE. . | 
162. Now to find at what time, and at what altitude, the greateſt azi- 
muth will happen at that place on the ſaid day; | . 
As the azimuth circle in this caſe is to touch the parallel 2 n, there- 
fore the greateſt diſtance of the azimuth from the equator will be 23? 28/ ; 
and as their poles mult be at the ſame diſtance (IV. 33) therefore a ſmall 
Elrcle 75 deſcribed about the pole s, at the diſtance of 23? 28” (IV. 66), 
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its interſection ↄ with the horizon, is the pole of the circle zcx ; then de- 
ſcribe an hour circle pcs through p. 4 3 
In the ſpheric triangle zyc right angled at c. 1 — (IV 34) 
Given the co-lat. pz=76* 30%, and the co-decl. pc=66* 327. 
Required the greateſt azim. 4 pzc=70? 37”, the diſt, 20 54 08/, and 
the hour from noon =56" 26/=3Jh. 45 m. 448. | 5 
So that the azimuth is altered only 3 7 in 2h. 6m.; and conſe- 


quently the variation of the compaſs may be obſerved with more certainty 


in the torrid zone than elſewhere, 


163. „„ nr XIV; Fig. I. 
In the latitude of 20 oo” N. ftands a horizontal dial, the gnomon of which 
is perpendicular to the plane of the horizon : It is required to know at what 
hour in the afternoon on the long:f day, the ſhadow of that gnomon ſhall fland 
Hill; and how many degrees ſpall the ſhadow run back. 5 wh 
 ConsTRUCTION. Let the cirele zx x be the meridian of the place, HR 
the horizon, the poles of which are z, N; Rg 20e, the latitude Þ and s: 
the north and ſouth poles : About v deſeribe the tropic of Cancer aa, cut- 
ting the horizon in I.; about s, a ſmall circle being deſcribed at the dift. of 
- 23 28% the complement of the diſt. of aa from P, its interſection p with 
the horizon, is the pole of the azimuth circle which will touch the parallel 
aa in ©, the place of the Sun when he has the greateſt azimuth that day: 
Through 2, ©, N, deſcribe a vertical circle cutting the horizon in K; and 
through © and L deſcribe the hour circles POs, Ils. 
Then will the z O be equivalent to the hour when the ſhadow will 
ſtand ſtill; and K, the difference between the meaſures of the azimuth 
and amplitude, will ſhew how much the ſhadow will run back. 


- ComPUTATION, In the right-an- In rt. angl. ſpheric triangle y Oz. 
gled ſpheric triangle PB l. Gi yen 40 = go*%od 
Given R =. 90% o , 7000 
%% . . / =O: = v6:22 - 
co-decl. = PL = 66 32 Required hour=4.2P© = 33 06 
Requir. ampl. = RL = 64 56 „ Im, = 4 2-2: 74.28 


: So that the ſhadow will ſtand till at 2 h. 12 m. o8 s. and will run back 
166. PROBLEM XI. Ji. XIV. Fig. 2. 

A comet, the declination of which was 47 OO N. was obſerved to be diſtant 
from a ſtar, to the eaſtward of it, 49% 00 ; the flar's declination was 30 O 


N. and its right aſcenſion 45%; What was the latitude and longitude of 
feat ener 0. 8 ö 


: CONSTRUCTION, 5 

On the plane of the ſolſtitial colure, where Þ and E are the poles of the 

equator and ecliptic, put the ſtar at A by its right aſcenſion and declina- 

tion: About p and A deſei ibe ſmall circles, at the diſtances of the comet 

; from thoſe points, their interſection © gives the place of the comet; de- 

| ſcribe great circles through a ©, PO, EO, then EO will be the co-latitude, 

and APE © the co-longitude ; and their meaſures may be obtained from 
Articles 70 and 72 of Book ILV „ 


| Courvu- 
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CoMPUTATION, In the triangle In the triangle EPO. 
APO. | Given comet's co-decl. O43 o 
Given the & 's co-dec. v A 54 OO obliq. of ecliptic pe=23 28 
| comet's co-dec. PO =43 OO. comet's rt. al. EPO =69 12 


their diſtance AO=49 00 | | 
JF 7 — | Req. comet's co-lat. EO =39 54 
Req. com. rt. aſ. fr. . APO =6 5 48| and co-longit. PEO =83 42 
© Then 65 48 —45 00220? 487, | Which being taken from 90% leaves 
Andgo*00/—20*48'=bg*12'=©PE| y ©* 18' for the long. required, 


16 „ "PROBLEM XXII Pl. XIV. Fig. 2. 
At London, on the 10th of December 1780, at what time of the night will 


the flars Aldebaran and Rigel be on the ſame azimuth circle ? | 
Aldeb. decl,=16? 037 N.; right aſc. =4 h. 23 m. 19s. Rigel's decl. 
28928“ S.; right aſe. = 5 h. o3 m. 58s. LT „ a 
Their difference of right aſcenſions is 40 m. 39 8. or 107 100%. TD 
ConsTRUCTION. On the plane of the equinoctial put Aldebaran at a, 
and Rigel at B, by their right aſcenſions and declinations, then a great 
circle through B and A will be the azimuth they are on at the time ſought; 
and the parallel of London's lat. deſcribed about Þ, will cut the azimuth 
- circle Ba in zz the zenith, through which draw the meridians PZ, PZ. 
Here the neareſt interſection to the ſtars is taken for the zenith, for as 
the ſtars are both above the horizon, the greateſt zenith diſtance is leſs 
than 9o degrees. 9 | | 


ComPuTATION. In the A AE. Ihn the triangle A2. 
Given B's co-decl. PB= 98˙28“ Given A's co-decl. PASTY 57 
A's co-decl, PA= 73 57 the co-lat. PZ=38 28 


diff. rt. aſe. C ABS 10 10 |the ſuppl. of Bay or C PAz,=23 02 


| Required the 4 Barp=156 58 Req. Arz IAA 35, or 24 OL 
Now the ſtar Aldebaran comes to the meridian at 11h. 8. m. 27 8. in the 
evening; which leſſened by 1h. 36m. 4s. (24% 01”) gives q h. 32m. 238. 

for the time in the evening when thoſe ſtars will be on the ſame azimuth. _ 


166. 0 PROBLEM XXIII. Pl. XIV. Fig. 4. 
At what time in the evening will the flars Betelgueſe and Pollux have one 
common altitude above the horizon of London, on the 10th of December 1 780 
Betelgueſe right aſcen. 5 h. 43 m. 16 .; decl,=7* 21“ N. Pollux 
right, aſcen. h. 31 m. 51 s.; decl. 287 32/ N. e 
Their difference of right aſoenſion is 1 h. 48 m. 35 8. 2 27 09/. 


'{ ConsTRUCTION, On a primitive circle, where any point p repreſents 
the pole of the equinoctial, put the ſtar Pollux at B, and Betelgueſe at a, 
by their declination and difference of right aſcenſions; through A, B, de- 
feribe a great circle ; through c, the middle of AB, deſcribe a great cirele 
at right angles to AB, and cutting PA in p; then a ſmall circle deſcribed | 
about P, at the diſtance of 38287, the co- lat. will cut the circle coins 
the zenith. 90 wn Fr a 5 . N 8 15 1 * o ? * | 
2 For the ſtars. A and n having a common altitude, are equally diſtant 
from 2. „% o ITT EI ICT * 
2 2 


x =" 4 48 6 «#'s +4 < 


s 
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COMPUTATION. In the triangle APBY 


Given A's co-decl, rA 2 39/ Os the BAP = 47* or' 
B's co-decl. PB =61 28 5 £4 ABCS 33 14 

diff. rt. aſc. LAPBER7 09. in half e "= 4d 37 

| 10 the triangle Acp. „ 
Given the „ 41.40; dee 09h Required the r 30 
VF A 23 38 
e 37 ) Theref. r D =PD '= 59 61 

In the triangle PDzZ. _ Fo br 
Ge the co- lat. 2 287 Required Zap. — 48? 56/ | 
| 1 "PD=g9 OL * Or it is "= 5-46 

IDE 45 30 


Now the ſtar Betelgueſe comes to the meridian at 12 h. 28 m. 8 s. that 


is between twelve and one o'clock in the motning (1 33); from which 


take 3h. 15m. 445. as the ſtars are to the eaſt of the meridian, and it 


leaves 9h. 12 m. 24 8. in the nen MY the time when thoſe ſtars have 
the ſame altitude, 


x67. PROBLEM: XXIV. Pl. XIV. "I 


Wanting to . the latitude and longitude of a comet c, its di lance from 
two hnown frars A and B were obſerved, and are as follows: _ 
A's lat. 40 12 NM. Lon. = Ib 300 X; arftante from 02405 050. 
B's lat. 30 'O5 N. Lon. = 2 48 H; diſtance from 9 57 · 
Hence the Seals of the comet c is required. : 
ConsTrucTIONn. On the plane of the ſolſtitial colure, where E is the 
pole of the ecliptic, put the ſtars A and s by their latitudes and longi- 
tudes,  and' deſcribe a great circle through A and B then ſmall circles de- 


ſcribed about A and B as poles, at the reſpective diſtances of the comet, 


their interſection c will give its place; deſcribe great circles through A, 


Cc; B, c; E, c; and EC will be the oo atitude, and from Cakc will be 


obtained the longitude. 


COMPUTATION. In the A ABE. | In the triangle 1 
Given A 's co- lat. AE=40* 48/[Given the diſtance ' ABZ 599 017 
B's co-lat. BE=59 55 diſtance ACE 49 Og 
diff. * 999 : diftance Berg 45 57 
8 155 AB=59 OI e kA 56 27 
and LEAB =78 31 VVV 58 


In the triangle CEA. _ 


Given A's co-lat. An = -40* 48⁰ Required the co-lat. xc 81 33 
diſtance Ac = 49 05 diff. long. AEC= 32 43 
and the CREA =134 58 Hence lat. is RE N.lon. 1922“ in V 


16868. PROBLEM XXV: Pl. XIV. Fig. 6. 
The diflance of the ſtar c being obſerved from two flars A and B, the lati- 


tude and diſtance of which are known, and alſo the longitude 4 one of them; 


thence to find the lat. and long. of c. 


_ Suppoſe A's lat. to be 5 30. N. 3 its diſt, from c= - 39) and B' lat. 


57 N. its long. Taurus, 18* 100, and diſt. from c 10* ,: And the 
Le of AB44* 43/: Required che long. and lat of C, 


7 "08 
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ConsTRUCTION. On a circle of longitude, where E is the pole of 
the ecliptic, put the ſtar B by its lat.; about the points Band x deſcribe 
Circles at the diſtances of A from thoſe points, their interſeQion gives the 
place of A: Alſo circles deſcribed from Aa and B, at the diſtances of c re- 
ſpeRively from them, their interſection is the place of c: Then deſcribe 

the great circles EA, EC; AC, AB; BC; and EC Will be the co-lat, and 
4 BEC the longitude, of © from B. 


” CoMPUTATION. In the A AEB.“ In the triangle ABC. 
Given A's co-lat. AE S4 30/ Given the diſtance ar=44*% 4 3/ 
| B's Co-lat. BE=B0 03 _ - diſtance | ac=39 40 
the diſtance ABZ44 43 * diſtance xmc=10 075 
Required the | LaBr=92 14 Required the C. ABC=55 22 
: In the triangle BEC. | 5 
Given 8's co-lat. Be =80® oz. Required C's co- lat. cE=72% 01/ 
the diſtance Bc 210072 c's lon. fr. B, BEC 6 22 
( £ ABE—Z ABC ;) 4 cBE=36 52 J And its abſolute long. 11 54 


169, PROBLEM XXVI. Pl. XIV. Fig. 7. 
From the altitudes of two known fixed flars, and the altitude of a planet 
when in the ſame azimuth with one of theſe ftars; to find the place of the planet. 
EXAMPLE. Obſerved the Moon and Cor Leonis in the ſame azimuth, 
when the Moon's zenith diſtance was 36* 37”. 
Cor Leonis's zen. dift. 45 00/; decl. 13 O N.; rt. af. 9! 56 398, 
Cor Hydra's zen. diſt. =49 16; decl. 7 43 $:; rt. af. of 16 45. 
ConsTRUCTION. On the olane of the equinoctial, the pole of which 
is P, draw the colures, and in the ſolſtitial, take E for the pole of the 
ecliptic ; put the given ſtars at B and A by their declinations and right 
aſcenſions: About B; and A as poles, with their reſpective Zenith diſtances, 
deſcribe circles cutting in z the zenith; through 2 and B deſcribe an 
azimuth circle, and making z) equal to the p's zenith diſtance, it gives 
her place: Then deſcribe the great circles za, AB, E); and the arc E) 


will be the ache, and 4PE) the longitude from the firſt point 7 
of . 


CoMPpUTATION. In the Aa ABP. | In the wiangle Ar B. 
Given A'S co-decl.  PA=97243/ Given A” s zen. diſt. zA=499 16/ 
- B's co-decl. PB=76 58 B's zen. diſt, ZB=4,5 00 
diff. rt. aſ. 4BPAS 9 58 85 the ſide AB = 22 $504 


Required the L ABP=IS?3 575 Required the E ABZz = 89 382 
SAG the ſide AB 22 394 Then £4 ABP—ABZ = C2 = 
| 64 19/=4 BP. 


In the angle $5 P, | In the triangle PDE. 
Given B's co-decl. . Bye =76® 58' Given obl. of eclip. PE 23? 28/ 
N S) fide E 5 2 8 23 d's co-decl. x) = 73 26E 
| | Erb 64 19 P's co-rt: af. C EP) 128 43 
| — — 


Requ. ys 8 co- ject. ie 75873 202 Requir. Ds 0. let. 5E = 88 41 
- "P's rt. af. fr. B, EBPI= 7 53 Ds lon. fr. S, PE) =. 48 25 


hen 90 BAT LD And its abſolute long. is S 18 23 
3 435 f | 
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. AS TR ONO M T. Book V. 
55 Ul ET TOW; Fh.; : 
Of various methods to find the Latitude, 

The uſual way at fea to find the latitude is from the Sun's meridional 
altitude and (declination z the manner of doing this will be particularly 
ſhewn in Book IX. But as it frequently happens at ſea, that the meri- 
dian altitude cannot be taken, therefore the mariner ſhould be furniſhed 

- with other means to come at.the knowledge of this moſt uſeful article. 


To help him in this point, and as a farther exerciſe in the Aſtronomy of 
the Sphere, the following Problems are collected together, | 4 


170. PROBLEM XXVIL , WY 
\ Given the Sun's declination and his amplitude; CH 
| Required the latitude of the place. x - 


Exam. Being in a place where the compaſs had no dariation, on a day 
when the Sun's declination was 15* 12“ N., I obſerved him to riſe 62* 300 
from the north towards the eaſt : Required the latitude of that Place. 


| | CONSTRUCTION: | . 
HFaving deſcribed the primitive circle, drawn the horizon HR, and 
{IV. 71) taken Ro=62? 30“; then about o as a pole deſcribe (IV. 66) 
a ſmall circle, at the diſtance of 74 48'=co-decl, cutting the primitive 

in P, the place of the north pole: Draw the axis Ps, the equator EQ, 
and the circle Pos, cutting the equator in A. py 


| ComPUuTATIo N, 
In the ſpheric triangle Y oa right-angled at A. „ 
Given the co-amp. VO g 27 30“ Then ſ. Vo: rad.:: ſ. 40: ſ. Ao. 


the declin. AO=I5 12 | Hence the latitude will be 55* 24/ 
Required the co-Jatitude A Vo. MN | VVV 
... een, pl. V. 


Given the Sun's declination, and his aſcenſional difference; 
Required the latitude of the place. 


. Exam. When the Sun had 200 or' of declination S. he was obſerved to 
ſet at 4. zom. Required the latitude of the place. | . 
As the aſcenſional difference is the time that the Sun riſes or ſets be- 
fore or after 6 o'clock; therefore 6h.—4h. 20m.=1h. 30 m. 222. 
1 30 S aſcenſional difference. | | 5 5 . 
CoNnSTRUCTION. In the primitive circle repreſenting the meridian of 
the place, draw the equator E O, the axis Ps, the parallel of declination 
1, 2001“ S.: Make Y B=22* 30% the aſcenſional difference; deſcribe 
the circle of right aſcenſion PBS, cutting ro in o; then a diameter RR 
through o will be the horizon, and RP the lat. fought,  _ 
CoMPUTATION, In the ſpheric triangle V Bo, righteangled at x. 
Given the aſc, diff. YB=22* 30' [Then rad. : cot. o:: ſ. N B:cot. Z oB. 
the declin. 0B=20 01 Or rad. : co- t. dec. :: ſin.aſ. diff.: tan. lat. 
Required the co-lat. Co. Hence the lat. will be 46 25 N. 
being contrary ta the decl. when the aſc. diff. falls between noon and ſix. 


i: =. | | 172, P R Q- 


* 


172. PROBLEM XXIX. FI. V. 

Given the Sun's declination, and altitude at fix o'clock ; 

Required the latitude of the place, 
. Exam, Being at of on a day when the Sun's declinotion was 200 04/ N. 
5 altitude at fix o'clock in the evening was 18% 45: What Was the latte 
tude of the place of obſervation ® 

CoNnsSTRUCTION. «Having deſcribed the meridian, drawn the horizon 
HR, the prime vertical zx, and the parallel s? of 18 45 of altitude; : from 
the center *. with the half tangent of the decli nation 20 04, cut the 


parallel gt in o: Through o draw the axis Ps, and the azimuth circle 


ZON (II. 72), and the meaſure of x will give the latitude ſought, 
* __ ComPUyTATIoON. In the ſpheric triangle vv Ao, right-angled at A. 
Given the decl. Po=20? N. Then fin. Vo: rad. :: ſ. A0: ſ. OVA: 
the alt. A018 45 Or ſin. decl. : rad. : : fin. alt.: fin, lat. 
Required the lat. = 4 oY a 
V PROBLEM XXX. Pl. V. 
1 Given the Sun's declination, and his altitude when due eaſt or weſt; 
Required the latitude of the place. 
Ex AM. In à place where the compaſs had no variation, the Sun was cb- 


| Served to be due eaſt when his declination was 16* 38' N., and his altitude 
 20* 12': What is the latitude of that place © 


CoNnSTRUCTION. In the meridian HZRN, draw the horizon HR, 1 | 


prime vertical zx, and make Yo=the half tan. of the alt. 2012“: About 
o as, a pole, at the diſtance of 739 22 the co-decl. deſcribe (IV. 66) a 


ſmall circle, cutting the meridian in P the elevated pole; draw the axis 
Po, equator EQ, and through P, o, s, deſcribe an hour circle Pos; then 


the meaſure of PR ſhews the latitude, 

CoMPUTATION. In the ſpheric triangle Y Ao, 1 at A. 
Given the alt. Fog 20 124 | Then ſin. Po: rad. :: fin. Ao: ſin. C AV o. 
the decl. ao=16 38 N. Or fin. alt.: rad. : : ſin, decl. : fin. lat. 

Required the latit. 4 AO. Which is 56® 00' N. as the decl. is N. 
But had the declination been S., the other interſection of the parallel 


circle and meridian muſt have been taken for the elevated Pn”! and the 


latitude would be ſouth. 


17 ˖ ˙ 5 PROBLEM XXXI. Pl. V. 
Given the Sun's altitude and the hour of the 221 7 on either equinox; 
Required the latitude of the place. 

Exam. On the day the Sun entered the vernal equinox, his alt. was found 
22 56' at q o'clock in the morning: In what lat. was that obſervation made? 


CoNsSTRUCTION. Deſcribe the meridian, draw the horizon, the prime 
vertical, and (IV. 68) the parallel s ? of 22 56' of altitude; from the cen- 


ter V, with the half tan. of 459=3 h., the time from 6 © clock, cuts tin 


o, and deſcribe the vertical circle zo x, cutting the horizon in B. 
CoMPUTATION. In the ſpheric triangle Y Bo, right-angled at B. 


Given the time aft. 6, 0=45% oo'fAsf., Y o: rad.::f.Bo:f.2BYo, 

ba the altitude Bo=22 56 Or ſ. time a 6: Py : ſ. alt.: co-f, l. 
Required the co-latitude B o. Which is 56® 34. 
| | R 2 
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Which is 69 32/N, as the decl. isN. 
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3 PROBLEM XXXII. | PL X.. 
Given the Sun's altitude, declination, and azimuth ; „ 
Required the latitude of the place. 1 . 

Ex AM. Being at ſea in a place where the compaſs had no variation, in the | 
afternoon-when the Sun was 42% 30“ high, his bearing was S. 57* 45 W. 3 
and his declination 22 30' N. at is the latitude of that place? 

| ConsTRUCTION. Draw the meridian, the horizon HR, the prime ver- 
tical zx, and the parallel s t at 42% 30“ above the hotizon (IV. 68): The 
tangent of 57* 45 ſet from a towards R gives the center of the azimuth 
circle zoN, cutting the parallel of altitude s# in o: About o as a pole 
(IV. 66), at the diſtance. of 67” 30", equal to the co-declination, deſcribe 
a ſmall circle, cutting the meridian in p, the place of the pole; then the 
meaſure of RP pives the latitude fought, 155 


8 oe , 


_ ComMPUTATICN. In the oblique-angled ſpherie triangle 20. | \ 
Given the zenith diſt. zo= 47* 300% 1 OT P 3 Y 
the polar diſt. po= 67 30 (Required the co-latitude pz. 4 
| the azimuth £PZO=122 15 ) 3 ü 
As rad. R „10,0000 fs fin. alt. == 42e 30 10 4 
To co. ſ. acm. = 122% 15" -9,72723/To fin. decl, == 22 30 9,8284 , 
8g co-t. alt, == "43 30 .10.03795190 e 4th. * '= 36 * 13 "29.9365 | 
5 To tan. 4th. = 30 13 9,765 18 To co-ſ. th = 66 42 9,68974 f 


Then the difference between the 5th and 4th arcs, that is 30% 17/ taken 
from 60 42, the remainder 30" 29“ is the co-lat. Therefore 59* 31 N. 
is the latitude ſought. 5G | ö PTY, l | 
176. Noon , Mv. 
Qiven the Sun's declination, his altitude, and the hour of the day; 
Required the latitude of the place, _ f 
Ex AM. Being at ſea, the Sun's altitude was obſerved to be 37 20“ at ꝙ h. 
45m. in the morning, his deciination at that time being 22 30 N. : What is 
the latitude of the place of obſervation ? OR 
 ConsTRUCTION. In the meridian PEsQ, draw the equator EO, axis 
Ps, and parallel of declin. n m, 22% 3o/ diſt. from the equator (3d 135). 
Set off from the center A towards Q the tang. of 33* 45 h. 15 m., the 
diftance between the time of obſervation and noon, which gives the cen- 
ter of the hour circle pos, cutting the parallel n m in o: about the point o 
as a pole, deſcribe (IV. 66) at the diſt. of 52 40/, the zen. diſt., a ſmall 
circle, cutting the meridian in 2 the zenith; through 2 o deſcribe an azi- 
muth circle zo; then the meaſure of 2 will give the lat. fought, 
_ ComeuTATION., In the oblique- angled triangle zoe. 
Given the zenith diſtance zo 2529400) „„ 
the polar diſtance po S ↄ 30 f Required the co-lat. 27, 
the hour from noon 4zPo =33 45 GR: „ 
As rad, : co- ſ. hour A. M.:: co- t. decl, : tan. 4th are =63* 31. 
As ſin. decl. :. fin. alt. : : co-f. 4th are: co- ſ. 5th are =45 O2. 
Their difference is the co-latitude 18 29“, Therefore the lat. is 
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177. PROBLEM XXXIv. pl. v. 
Given the altitude of one of two known fixed ſtars, when they have tire 


ſame azimuth ; 
Required the latitude of the place. 


9 


Ex AM. Being at ſea in an unknown latitude, 1 eiferwed the flar Schedar 


in Caſſiopeia, and Almaach in Andromeda, to have the ſame azimuth, when 
the altitude of Schedar was 37* 15“ : What is the latitude of that place 5 


4 ConsTRUCTION. Let the primitive circle repreſent the equator, the 
pole of which is P, and any point V the place where the right aſcenſion 


begins, from whence lay off Ya=27* 37 for Almaach's rigit aſcenſion, 


and V b=7? 2/ for Schedar's ; draw the circles of right aſcenſion pa, pb : 


Deſcribe (3d 137) Almaach's and Schedar's parallels of declination, cut- 


ting Pa, Pb, in A, B; A being Almaach, and n Schedar. A great circle 


paſſing through A and B (IV. 61) will be the azimuth they are on. About 


at the diſtance of 52 45”, Schedar's zenith diſtance, deſcribe (IV. 66) 
a ſmall circle, cutting the ſaid azimuth circle in z, the zenith of the 
place; draw pz, which meaſured on the half tangents gives the co-lati- 
tude of the place of obſervation. | Is 


Yes | ComPUTATION. 
ft. In the oblique-angled ſpheric triangle APB. 


Given Almaach's co-dec. PA=48* 44/| Required the angle of poſi- 
Schedar's co-dec. PB=34 40 ien 
their diff. of r. aſc. . Ar BS 20 33 For the ſolution, ſee IV. C05. 

Grande: 7: go? oo 10,00000| As fin. 5th are 129 11” 0.6763 


To co-ſ. Z. aps 20 35 9,97135| To fin, 4tharc 46 51  gz863 6 
So is tan. AP 48 44 1005676 So is tan. C APB 20 35 9,5 7466 


—— ũ ʒↄ M. — — 


To tan. 4th are 46 51 1002811 To tan, 4B: 32 33 1011335 


ws | 4 * i 
The 5th arc „„ 


2d. In the oblique ſpheric triangle p82. LR 

Given Schedar's co-dec. PB = 34* 40 Required the co-lat. pz. | 
Schedar's co-alt, BY = 52 45 For the ſolution, ſee IV. 165, 
angle of poſition PBZz = 52 23 | Here 4 pBz=ſup. 4 PBA. 

As rad. n 10, ooo 83 : | 5 
To co-f. E. poſit. = 520 23“ 9, 78560 As co-ſ. 4th are = 2253 0©,03560 
So co- t. Sch. decl. = 55 zo 983984 To co-f. 5th are = 29 52 993811 
| So fin, Sch. dec. = 55 20 991512 


. tan. 4th are = 22 53 9,62544 — 
Which taken from 52 45232 To fin. latit. 50 44 9.88883 


} 


« | 


246 ASTRONOMY. Book v. 


„% „„ Pl. v. 
Given the difference of time between the riſing of two known ſtars; 


Required the latitude of the place. 


Ex AM. Being at ſea in an unknown place, the ſtar Aldebaran was ob- 


ſerved to riſe 3h. 15 m. later than the bright flar in Aries: Required the 
latitude of that place. . | 


Bright ſtar in Y decl. 220 25/N.; right aſcen. 1 h. 54 m. 495. Alde- 
baran's decl. 16* 03“ N.; right aſcenſion 4 h. 23m. 19s. 


„„ reren. 


Let the primitive circle repreſent the equator, deſcribe (3d 137) the 
_ _ parallels of declination of the two ſtars, that of Aries being 22* 25' N, 
and of Aldebaran 1603“ N.: Draw pa for the circle of right aſcenſion 


paſſing through the ſtar in V, which ſuppoſe in A: From @ lay off ab, 
=37* 7 diff. of right aſcenſions; and ac=48* 45/= 3h. 15 m. the 


diff. of time between their riſing; draw be, cp, cutting the parallels of 


declination in 3, c: Through the points B, c, deſcribe (IV. 61) the 


great circle HoR; draw Po at right angles to HR; then the meaſure of po 


will give the latitude ſought, _ | 
VV JFF 
In the oblique-angled ſpheric triangle ppc. _ VVV 
Given B's co-decl. PB=723* 57 Rad.: co-f. 4.BPC :: t. PR: t.M=73* 380%. 
A 's co-decl. Pc=67 35 From M take pe, leaves x = ©6 op. 
LAC A PBS C BTC II 37 As ſin. N: ſ. M:: tan. PB: t. c= 
Required, the angle peB _. [Hence 4 pco=61* 54. [118? off, 
In the ſpheric triangle pco, right-angled at o. 


Given c's co-decl. pc=67* 35 | As rad, : fin. pc. :: 8 pco : ſin, © 


and the C Pco=61 54 85 „rose. 
Required the latitude po. I Therefore the latitude is 54 38“. 
777% 1 Fl. V. 


_ Two known fixed ſtars being obſerved to have the ſame altitude; 
Required the latitude of the place of obſervation. — 


Ex Au. In the evening, the ſtars Capella and Procyon were obſerved at 
the ſame time to have each 38 00 of altitude: Required the latitude of the 
Place where that obſervation was talen. | 

Capella's decl. = 45 45 N. right aſcen. 5h. om. 28 8. Procyon's decl. 
5 47 N. right aſcen,=7 h. 27 m. 48 8. 8 
„ // GE 


On the plane of the equator, repreſented by the primitive circle, de- 
ſcribe (3d 137) the parallels of the given declinations ; take ab 36* 50". 
the diff. of the given right aſcenſions; draw Pa, Pb, then A repreſents 
Procyon, and B Capella. IN 


* 


About A and B as poles, deſcribe (IV. 66) arcs of ſmall circles, at the 


diſtance of 522, the co-altitade, and their interſection gives z the zenith of 


the place: Through the points a, B; 2, A; 2, B; deſcribe great circles 
(LV. 61) and draw zr, the meaſure of which will give the co-latitude 
of the place of obſervation, INOS 8 

5 | N 8 | 5 b; 4 C OMP U- 


ä ee eee ES 


Book V. K3STRONOMY. aq: 


CompPUTATION. 
In the oblique angled ſpheric triangle ApB. 


Given A's co-decl. AP gH84 13“ Rad.: coſ. C P:: t. Bp: t. M37 57/ 
| B's co-decl. BP=44 15 And M tak. fr. PA leaves NZ=46 16 
diff. rt. aſc. L APB=30 50 Sin. N: ſin, M:: tan. AP: tan £ BAP 
Required the ſtar's diſtance AB. (=32? 31 
And the angle Bae. Coſ. u: coſ x:: coſ. Bf: col. BA 251 06 
In the oblique angled ſpheric triangle Az p. 
Siven 4's co-alt. Z Ag 5 O The angle BAZ will be found 
B's co- alt. 2 B 52 00 | 68? og, 
ſtars diſtance aB=51 06 I hen L BALL. bar = 4 r 
Required the angle zAB. | 39 37 
In the ſpheric triangle Az r. 
Given A's co-alt. @zA=52* oO Rad.: coſ. CA:: t. 2A: t. 1 2450 29% 
A's co-declin. Arg 84 13 Mt taken from PA leaves N= 30 44 
the angle ZAPZSS 30 Col.m: coſ. N:: coſ. z A: col.PL=43 06 
Required the co-lat. 2 P. Therefore the latitude i is 46 54“ N. 


n L E M XXXVII. Pl. V. 


Given the altitudes of two known ſtars; 3 
Required the latitude of the place. 
 ExAM. The altitude of the Hydrg's heart was obſerved to be 40? a, 


and of the Lion's heart 45? 0 What is the latitude of the place of * | 


vation? 


Hydra's heart, decl. = 7? 43 S.; right aſcen, = 9 h. 16 m. 47 1. 


Lan s heart, decl.=13* 02” N. ; right aſcen. 9 h. 56 m. 39 l. 


Se n 


If this 5 is conſtructed on the plane of the equator, it will be in 
every reſpect like the laft ; only the ſmall circles, deſcribed about A and 


B, are to be award diſtant from their reſpective poles Ay E. 


Cour rAT TON. 


Here, as in the laſt, there will be three ſpheric triangles to work | in z 


namely, the triangles APB, Z AB, and zpB- 


90 58˙%. 
As tad.: 109 Laps: : tan, B: tan. 1=76* 4610 Then Ar— AN 
=20? 73 

As ſi : ſin. M:: tan. Z APR: tan. Z BAP=25? 340 


Andi bs oak M : col. Y:: cof. Br: col. BAZ22 59. 

In the triangle Baz, where AZ 4e 16%, 52 245 oO. AB=22* 50“. 
The angle BAZ will be found equal to 689 507%. 
Then A - 4 BAPEZ LPALZ4 . 


In the triangle Arz; where ayp=97* 43 7 405 16 L PAZ =43˙ 227%. 
18 nad.; col. CAE : : tan. AE: tan. M= 40" 10. Then AP—M= 


2579 33. | | 
” as.cof. u: coſ. N :: col. ** coſ. PLS629 39% 
- Hence the latitude ſought is 27 16” N. 


” CF n 
SL 
K nd. Vo 


In the 8 APB, where AP=977 43', pp=76" 58/, LaPB= 


R'q + 181. PRO- 


. ASTRONOMY. Book V. 
181. PRO BLE M- XXXVIII. Pl. V. 


Given the Sun; s declination, two altitudes, and the time between the 
obſervations”; | 


Required the latitude of the place, 


\ 


Exam. On a day when the Sun's declination Was 200 00 NM, in the 


forenoon the Sun's altitude was obſerved to be 18 30', and three. hours gr 
bis altitude was 44* oo : What was the latitude of the place ? 


ConsTRUCTION, REA, N 


Let the primitive circte repreſent that hour circle on which the Sun 
was at the 

of 20? of declination, gives A the Sun's place at firſt; and as c is the 
tangent of 45% Q will be the center of the hour circle PBs three hours 
diſtant from the former, its interſection B with the parallel of declination, 
is the Sun's place at the ſecond obſervation: About A as a pole, at the 
diſtance of 71 30ʃ, the firſt zenith diſtance, deſcribe (IV. 66) a ſmall 


circle; about B, as a pole, at the diſtance of 46 „the ſecond zenith 


diſtance, deſcribe (IV. 66) another ſmall circle, cutting the former in 2 


the zenith: Through 21 A; 2, B; Az Bz P. 23 e AY» * * | 


Fircles ; then Pz is che co-latitude Tequired, 


CompouTATiIONn, 1 
Here are three triangles to work in; namely, Ars, , nz. 
In the iſoſceles ſpheric triangle ApB. 
Given Arg 00' | Suppoſe the perpendicular pb is drawn. 


- BE=70 OO | Rad.: tan. B“: : cof. PB: co-t. 4 pBA=81*® <6/, | 


4. APB=45 O0 Rad.; fin. ps : : fin. ZB: fin, Bþ=218 1. 
Bay Z ABP and AB. Then Bb double gives AB==429 N 


In the oblique angled jj ſph eric triangle Aa „ 
h 


_ Given A2 271 300 en working with the 8 ſides, the angle ABZ 
Bz=46 00 will be found 11411“. 


| AB=42 09.| And - RAR nen 150 
Required ABZ. 


In the oblique angled ſpheric wiangle i PBZ. 


iyen PB=702 00" | As rad, : coſ. PZ: : tan, BZ : tan. 4 13 5 
* Bz=46 00 | And rB—M=Nn=280 4%. 


Lenz=32 15 | As coſ. M: coſ. N: : col. Bz: col. £2=300-59/- 
Req. the co-lat. Pz. | Therefore the latitude | is 54* o1/ . 


182. If ths Sun's altitude. can be taken. both cen 2 has noon, 


when he has equal heights, then the time between theſe two obſervations 


being biſected, will give the time when the Sun was on the meridian : 
Now the co-declination, the co-altitude, and the time from noon at 
either obſcrvation being known, the latitude may be readily compute in 


ane oblique angled triangle, in which are known two ſides, and ah angle 


oppoſite to one of them to find the other {id which is the co-latitude ; 
fer Wijch ſee the problem, art, e 8 Be 5 
195 183. PR O- 


rſt obſervation, EQ being the equator, then Aa, the parallel 


— — ä — 


183. 


PROBLEM 


ASTRONOMY. 


XXXIX. 


249 


Pl. V. 


Given the Sun's declination, two altitudes, and the difference of the 
magnetic azimuths; 
W the latitude of the place. 


Exam. On the 21/t of May, the Sun's Ante r 20 16 V. in 
the morning when the Snn was on the ESE 
was 43* 300; and when he bore S. 20" 
What is the latitude on the place of obſervation ? 


nt of the compaſs, his altitude 
E. bis altitude was 58* 30% 


ConsraveTION: 


Let the otimitive Kirche Wpitlent the azimuth circle which the Sun 
was on at the greater altitude, 58? 30% A being the Sun's place at that 
time, HR the horizon, and z the zenith; draw aa a parallel of 43* 30/ of 


altitude, and (IV. 55) deſeribe a vertical Eircle, making an angle with Az, 


of 47” oo, the difference of the obſerved azimuths; the place where this 
cuts the parallel of altitude aa, gives ; the Sun's place at the firſt obſerva- 


tion : Then ſmall circles being deſcribed about A and B, as poles at the 
diſtances of 69* 44% the co-declination (IV. 66), their interſection will 


give'P the place of the pole: 
ſcribe great circles ( IV. 61); then Pz is the co-latitude e ſought. Y 


w %» 


ſt, In che ſpheric triangle A2 : Given az : 


85 * che ſocele dea APB : "Given A 


35 in the ſpheric triangle # zur 


— 


* 15 


- 


— 


8 


Throngh A, B; v, A; P,B; and 2, P, de- 


ComPUTATION. 


* 


2 


* 


>= = 31 300 
BZ = B's co-alt. = 46 30 
AZB * diff. of az, = 47 O0 
Required - ABZ <= £5 481 
AB _- = 32 1 
A's co-decl. = 69 44 

=-0 


BP.= B's co-decl. 9. 44 
AB = diſtance - 382 £ 

— — 

Required 1 ABP f = 83 52 
Given BZ = B's Co-alt. -= 46 30 
PB = B's co-decl, = 69 44 
Le 11 

Requir. =P = co- lat. 5 


werfe 0 the hunde of the Place | is 1 39 N. 


25 


* 
4 
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E ASTRONOMY. Book V. 
abs PROBLEM AC ; SLY, 


Two known ſtars being obſerved on the ſame azimuth, and two other 
known ſtars being obſerved on another azimuth, and the time between 
_ the obſervation being known; to find the latitude, of the place. 85 


Ex AM. The flars Aldebaran in Taurus, and Rigel in Orion, were . 
ſerued em the ſame azimuth; and 2 h. 35˙ min. after, the flars Caſtor i in Ge- 
mini and the Hydra's heart were alſo: = 5 one on ene azimuth e What 
ua * latitude; of the place of on: haps Ye ig OT IG 


x * \ mn 
* v3. 
«4s » i Awe 


_ 


Consraucrion. 


On the = "Ig of the equator put the ſtars Aldebaran and Rigel at A, By 
.aifo the ſtars Caſtor and Hydra at c, d, by the means of their right aſcen- 
ſions and declinations (2d and 2d of 137): Let the ſtars c, d, be removed 
forward 2 35”, or 38? 45, to c, p; through A, , and p, c, deſcribe 
(IV. 61) great circles interſecting in 2, the zenith of the place; draw 
the great circles AC and r PZ; en, the meaſure of PZ. Hives the sor latitude 


required. e ee ee een e Te e 


„ * :, i} [+ 
4 Y £4.54 5 


Coup Gx. 


Aldebaran' 8. . = 165 03˙ N. Wade aſcen. = FI 23m 1 10 =" 63 500. 
Rigel's : een e £371 903-58 = 5 50 . 
Caſtor's = 22 21 N. 00-44 22140 '08. 
bo cas heart SAID 5% 1, 9. 16 47 =139 12. 


iſt, In the triangle van, where u 298. 28 PART3! 57's CAB 
10 00 ). 
Then the r AR will be 156 59', and the A, the . 010 


2d. In, the triangle cb, where rp 43> PC=57* 39, Acro 
i 
Then the LPcp will be 1405 09), and the LPCZ, the ſupp. = 39 570 k 


3d. In the triangle APC, where AP=73* 57/, cP=57* 30% Lapc=5” 
332, which is the difference between 2 h. 35 m. and the oifference of the 
right aſcenſions of A and C. . 

Then the /. PAC will be 16* 12% rc libr 300, and ac 17 037%. 

R 91 ut rupees. 13˙5 and LPCASL , Ac 
21 39% $397 : | 


Ach. In the triangle ACZ, —- ac=17* OJ; | Leaz=39® ; La 
Then czwill be found equal to 285 265 6281 825 


sth. In the triangle ora, where ea ab- 26% c= 5⁰ 30% Lcz 
Near“ e 
Then pz will be found * to 38 40. 

And the latitude of the place of obſervation i is 510 N. _ 
6 | 2 ere 


* * 


ee e eee 
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Bock v. ASTRONOMY. EF 


There might be given a great variety of other problems to find the la- 
titude from various circumſtances ; but the trouble of ſolving them, as well 
as ſome of the foregoing ones, is too great to render them of general uſe : 
And indeed ſome of them were only inſerted as trigonometrical exerciſes 
for young ſtudents ; it being generally allowed that the ſciences are moſt 
readily learned by working many examples: And on this account it was 
judged, that the few following queſtions might not only be entertaining 
to thoſe who have a love for theſe matters; but on ſome occaſions might 
be uſefully applied at fea. FRY: 6 | 8 


188. PROBLEM XII. 


Given the Sun's meridian, or mid-day altitude 2262 O0. 
And its mid-night depreſſion, below the horizon, 22 OO. 
Required the latitude of the place, and the Sun's declination. 


SOLUTION, Let the circle HzRx be the meri- "30. 


Ps ©» OE 2255 5 
arc Hm, the meridian alt.; its 
ſine Fm; mY | 3 
F; | 


arc Ru, the mid- night depreſ- E 
ſion; its ſine V; eee 
mn, the parallel of declination; 
Q 9, parallel to mn the equator; X/ 
Ps, at right angles to Q4, the 8 | | 
axis, or 6 o'clock circle, 


Now HQ + om=Hm 
And HQ—Qm=Rn 
„ — ==co-latitude=429 00', 


For HQ=R9 ; and Qm1=9n, 


3 „„ 7"; 
And n =———=declination=20? oo 


In the following problems, as it was the method of computation which 
was chiefly intended for the information of beginners, the conſtruction is 
ſuppoſed to be done: And the lines and letters, as here deſcribed, are to 
be underſtood to repreſent the ſame things in each figure. 5 


— 


S 
pd \ 


85 And nk 


2 _ ASTRONOMY: 


266. PROBLEM XII. 


| Some time in the mode of May, 1780, at a place in ; the weſtern veer, the 
Sun's meridian altitude was obſerved to be ba oO“; and 1" 48® 14 after, 
the altitude was found to be 54” 307%. Required the latitude £4 that "Rav and 
. 3hbe Sun's declination: | SEO; [1 
Wer and A be the Sun's D 
ur, AD, the ſines of the obſerved alti«. 
tudes. 
ms. the difference of thoſe _ SD 
2 fines. 
| Lora, the given interval of time, 
and , the verſed fine of that 9 F 
Now qa: Q:: n (II. 1B). And ma m: u Mk l. "Y . 
Therefore g: Q :: : mk=mF+nf 
| QqxmB __ 2 radius X diff. of fines of alta. 


a. 8 verſed fine of hour from none 
But verſed fine of an arc 2 twice ſquare of the fine of half that arc. 


(IV. 1 
2 R diff. ſines of Alts. Aff. of ſites of alt. 


— — — Radius 
255, 1 hour &.noon Li 55, + Hour 4 noon* 


" * * 
© ot : 9. 
A . * 


There | nk == 
„ 
Or , diff. fines of ats —3 145 4 hour 4 non 1, fum ſines, E Pipes 


Here 15 48" [Pay 3 30”, (131) Alt. 629 o0/ nat, fine—0,88295(1v. 256) 
Alt. 54 3o nat. fine=0,81412 


And 2 hour à noon=13*31' 45”. 41 Diff. of ſines of alts. =0,06883 
Now diff. fines alts,=0,06883 ; 1 8. 3.2875 1 
2 hour à noon ==17” $1 45 5 Ps th or. fine 8.73822 
„ a =1,2574 the number to log. 10,9946 1 
8 —— the nat. fine f 625 60 oof the meridian Altitude. 


. 0.3745 53745 the nat. fine 2 1 59/. 30. the inte depr. 


Sem 83 8. f 4 59 40 =co-lat, 
Diff. 40 00 24 its 2 20 oo 12 =dec. | 


Latitude 48% 00 12” N. obſervations made on the 2255 of 2 128 


* * * > wy ” 3... ” 


* The mark Sis uſed for hc word from. 
+ bee g the index; decal, he left af of 0106891 Þ in 
„ place of ads. 
1 The log. fin. of 13% Ts is 9.36871 3 and of 14* 32 is 9, 369243 their diff. 
is 53; then 60”: 53 :: 45” 403 and 9.36871 74 936911; z irs double 
is 8,73822, rejecting 1o in the doubled index. 

In ſubtracting 8,73822 from 8,83765 ; the index of the mid is to be 
increaſed by 10 for a radius; or augment o, the index of the remainder, by 10. 

|| The log. 10,09946, having 10 for its index, ſhews that tde · left hand 
place of its correſponding number ſtands in the place of units. 
To find the degrees, minutes, and ſeconds, to a given natural right Fw 

Now / =0,3745 its log. is 257345 3 Which ſought among the log, fines, 
falls between thoſe of 2155 and 229 o; the difference of t ir logs. is : $ 
and the difference between the given log. and that of 21* 59 is 19; 
* 5 90 24 5.69": : 30's 10 chat 1 to 219 59 36”, . 257- 71 RC 8 


I 
7 


ference. 
4 i 


Back V. ASTRONOMY, bY 


Being at ſea, ſome time in July, in North lat. the Sun was obſerved to wiſe 
at 4 h. fn va s. A. H.; ad in the ſame place, his altitude at non was 


1 1 


b2 O, Required the latitude of that place, and day of the nontb. 


Let m, v, n, be places of the Sun, at non, - P 
at riſing, and at midnighglt. 7 
m, nf, ſines of mer alt. and midnight & 
J 3 
o the ſine of the aſcenſional difference. 
v the verſed fine of the time of ſetting 
from midnight - = F 
Qv=radius ſine of the aſcenſional dif- 


Now ev : vg :: (uV: vn: :) me: nf. 


Then nf= Z 8 Ls, nf =L, QU+ Ls, MF +LV, Cvrx. 


night depreflion, mo Ve io 


Hera ov=(s, Th. 35m. 24ſ.=s 23 $3=)0,40435 ; and 1, 4043. 5 
Time from midnight h. 24 m. 36 8. 266 09}; its half 3341. | 


eu=1,4043 its 11 ' 9,85254 
mF=5, 622 Its Ls, 9494-593 
182 33% 45 21 9:47 397 

1 its L o, 30103 
J i 59 40” ite 1, 9957347 


Merid. alt. ==62* & ©” 


. > Midnt, depr. =21 59 40 


25 Sum ö =83 59 493 its £419 59 59!) 


—— 


Diff. 85 40 0 20; its 220 © 10 

n Latitude —489 o 10 N. o | 1 

Declination 20% & 10 N. on July 23d. 4185) 
188, PRO- 


Sun was obſerved to have 145 43% 
75. 35m 24%. Keguired the latitude of that place, and day of the month. 


their ſum, p 
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188. 1 PROBLEM XIIV. 


At a place in the northern hemiſphere, Ve ti 51 the —_ of May, the 
tude at 6 h. and to ſet at 


Let n, N, v. u, be places of the Sun, at noon, 6 0 clock, ſetting, and 


at midnight. See the fig. to Problem 43. 


mn, Nt, fines of the altitudes at m and N. Fas 
Ov, 9g, and Q, the danse as in the laſt problem. e 


Now ov : vg: (xv: vn: 2) ut: uf. Then L,nf=1,00 + L, wr L, 9% 1 


Alſo ov : O:: (NV : vm: fro mr. And ee. | 


Here 0v=s, 23* 51 =0,40434 3 and WY 


 qv=v,66* 0g) =255, 33 41 


Then o 23 517 its L's, 0, 39325 And or, 230 51 its 1, 0,9329 


= 14* 437 „ 940514 * 14 43% its 1, 9,4051 


b 
Fw _ 215, 9,4737 QVv==1,40. its 955 10,1 
1 175 * . 0, 30103 | Me 5 15 i ee 
| | — no its 1, go; 
3 0˙ 9-57 339] N N — 
| o „ 

| Then 62 EDN =42% the co-latitude. | 

62—22 | | | 2 
And — =20® - the declination anſwering to May 19th. (185) 

189. 3 PROBLEM XLV. 


At a place in the weſtern ocean, ſome time in Fuly, the Sun's altitude 
was obſerved to be 360 at 3h. 51m. 49s. P. M.; and was ſeen to ſet at 
7 h. 35 m. 245. P. . Required the latitude of "the 5 and * of " 
manth. . 


Let m, C, V, u, be dhe Sun's locks at noon, . : 
at 3h. 51 m. 49 f. at ſetting, and at mid- 
night. | 
mf, ir, the * of the A at m, c; 
xf the ſine of the midnight depreſſion, 

Oc, ov, the {ines of the times from 6 h, and cv, | 


* 


: — 
Bock V. ASTRONOMY. = | 
Now cv: Q: :(cy : vm *: IF + mr. Or LsgmF=L\,cu+LSIF L, O. 1 b 
And cu: qu: : (CV: vn: :) 1: . Or „f= L, cu L, Ir + 1, 9b. ti 
Here oc =5, 2 h. 8 m. 11 8. 2 32" 2/ 45” S, 53059 5 6 0 
os Ih. 35m. 248. 23 51 O0 S, 404341 93493 9 
= 1, 4043; qv=v,66%=255,33*4'30”; or, 19 = 21,3342 T 12. i 
Then L',cv==0,93493 0,02922 And 1',cv==0,93493 0,02922 4 
| Ls,1F==36%? O  9,76922 \ Ls,1F==36® o 9,76922 j 
| 5 3 ieee, l , 30103 j 
| L,nF=62* 00 9.94590 el R 4 
e bY r 229 00. . 9.57344 | 
Then 925 15 5 224 the co-latitude. 
Gd” 3 1 
And S—=20, the declination, anſwering to July 23. (185) 
„ PROBLEM XLVI. 


Some time in the month 0 May, at a place in the weſtern orean, the day 
broke at 1 h. 45 m. 36s. A. M.; and at 8 h. 8m. 11s. A. M. the Sun's 
altitude was obſerved to be 36*: Required the latitude, and day of the month. 


Let m, c, r, u, be the Sun's places, at noon, at 8 h. 8 m. II s. at the 
beginning of twilight, and at midnight. 
mx, 1F, the ſines of the altitudes at co | g 
Fr, FE, the fines of the depreſſions at 7, u. | 
oc, Os, the ſines of the times from 6 h. and cs their ſum. 
Now cs: Q:: (or: mr: :) IT; mr. And mr— T mx. 7 
2 „ e cn: :) IT: IK. And IK — IFS . | 
Here 1F =5,36* OO, 58778 | | | 
„ rns .00 ede, 5 tT=0,00600 | & = 
Oc , zh. 8m. IIS. =s, 32* 2/ 457 =0,53059; and gc =1,5306 
os S 4h. I4m. 245. =s, 63 36 00 =0,89571; and Qs=1,8957 
Then cr 9,8457 9c 9,84579\mT —FT==mF=0,8829 the , 629 oo 
-IT 9,95 269 9.95269 | 1K—1F = nf , 37458 the , 22 oo 
Qs 10, 277% 10, 18486 Hence the lat. 489? M. jo 


er 10,07685|1x 993334 Decl. 225 oo N. anſwering to May 196. 


rr 7,1919 Jux= 096237) 


* 


191. PRO. 


/ 
_— 
— 


— 


| 256 roher ook V. 


1 In the month of May, at ſome place in the weſtern ocean, the Sun's altitude 
* at bb A. MA. was 14 43% 3 and at 8h, 8m. 11s. its altitude was 36* Re- 


| quired the latitude of the place, and day of the month, FO 


* - 


LE. Let m, c, N, u, be the Sun's places at noon, ' Qi Bo, 
1 at 8 h. 8m. 115. at 6h. and at midnight. ; 4 

3 mr, Ir, LF, the fines of the alts. at m, C, x. CAN 
bf f the ſine of the midnight depreſſion. LEAP 7 
Oc the fine of 2 h. 8 m. 118. 


'% 


Now oc: O:: (xc: Nm: :) 1L: ml. Then mL+LF=mr. 
And oc: c: (Nc: ch: :) IL; IK. Then iK—IF=nf. 


* - Here Oct, 2h. 8 m. 11. 300 2 45”=0,53059; and =, 5 306. 0 
Iiir, 36 G, 58778; and 1, 145 431 =2-25418; ſo 1L==0,3336 / 
Oc==32® off þ its , 0, 27524 ot; 2 45" its 1's 0,27524 
a 11, 3336 its 1. © 052323 ͤ s Ne, 9 
I Rad. e (Condos Fe =14,0300 - ko't, © 18518488 
N 52% % ' "9.79847 o ix==096234 998333 | 
| 1 Then mr , 88292 the ſine of 62 00/ the meridian altitude. | 
. And =, 37450 the fine of 22 oo the midnight depreſſion. | 1 
Hence the latitude is 48 N. decl. 20% N. on May 19th, (185). | 
. B AQ EAA: -- q 
| At a place in the weſtern acean, in the month F July, the Sur's altitude 3 
9 to be 46* at 2" 49® of P. M.; and to be 36 high at P 512 49 4 
P. M. : Required the latitude of the place, and day of the marith, £ 
31 m. 49s. and at midnight; and ur, Hr, ir, the fines of the alts. at m, | 
1 B, C. Ob, oc, the co- ſines of the time from noon; or the fines of the 
BE time to 6 o'clock. _ Vf. dk 
Now be: as: 1.lns © mc : :) HI: 11. Then NI fru. 
And bc:bg:: (Bc: BN: :) HI: HK, Tben Hk—Br=PK=nf. 
Here ob =, 3h. 10 m. 51 . e 42 40. 3978 | Hen, 
NE Oc =5, 2h. 8 m. 115.=5,32 2 45 ae ence be, 20919. 
TED _ HF25,40*==0,71934 3 IF =5,36*=0,58778 ; H1==0,13156; 69qz=1,7398. . 
5 Allo Q=(ver, line of 57 57 15"=) 255,54 57 57 15” =255, 289 58 37%. 5 
5 „ hw ! 
be | | 


at 


Then Be 0320919: 1. 
0 „ 


D 


4 


, 29520 


193. 


n 48 00 


55 
1 Vor. I. 
4 7 


1 55,280 58 37” 


N "— 


Dock v. A8 T RO NO Mx. 
, 67947 And Scr, 20919 


9,1912 B , 13166 
9.37050 29 2857398 

—ů— HK==21,0042 
047013. 


Then Ar o, 88298 the ſine of bz the mer. alt. 
And s, 37486 the ſine of 22 the mid. depr. J 20% on July 23. 


e PAODBLEM u. | 
Being at ſea in the weſtern ocean, the Sun was obſerved to have 2.979 24, of 
altitude when due M.; and to have 14 43 alt. at 6h, 
the latitude of that place, and the Sun's declination; 


5 Let c, d, be the Sun's places at W.; and at 6h. 5 P 
oc, xr, the fines of their altitudes, _ G | 
4 cc So, the arcs of declination. W 4 

7 I d 


, M. 


15 40 from the true north poi 


dot lat.; 4 vou=co-latitude, 


257 


0,679 47 
9,1192 


10, 24050 
— — —U 


10,0 390g 


Hence lat. 248 N. decl. 


eguired 


— 


=I, decl. 


1 IJ. cocg £ Not=latitude., 
In Aocc. As s, oc: R:: Ce: C coc et NR. 
In AofN. As $,0N:R::5,Nf:s, C. NOrm — XR, 
| Shy: | | SON | 
= Then * And ss, cc, oc &, Ni. 
4 | 4: $0C-\5,0N nec 1 . 
Or s, alt. W. x5, alt. at 6=s5,decl, Or Z 16k 
| Ts pur | 1 And L alt. W. + Ls, decl. =Ls, lat. 
3 OC==5,279 24 its Lys - $60895 | 
4 | N= 14 432 its * 9,405 14 7 
e 19,06809 
cc 200 00' 9, 3404 
1 bee h ne o, 33705 
if 
f 9,87 109 


At a place in the weſtern ocean, the Sun at riſing was obſerved to he 80 
| | north. nt of the Horizon; and at 6h, A. M. the | 
altitude was obſerved 14* 4.3% Required the latitude and declination, 
Let v, and N, be the places of the Sun at riſing and at 6h, A.M, 
| Nit, the fine of the alt. at 6. on, vv are arcs of declination. | 
eu, the aſcenſional diff, . 
| ov, =co-amplitude, 


Now 


„ Er oy N O Book. 
. | „t 25 any | | 
| 1 dene Not Xs, voi ee bene. fe 
11 AS 280 SE | 1 
. „ „ (IV; 189} ; 
| | | Thetefore Ls; , 8 175 12. at 5 6215 double the latitude. 
| | 35 If the latitude i is leſs than 45" otherwiſe i it is double the co-latitude..'i | : 
| NF e ampl. 59˙ 15“ 40% „29145 ; Ne butt 2 | i 5 ; 16,0000 L 
| | de alt, 6-14. 43 30 ggos14  Foampl. 38, 1 % ee 
1 ; | * VVV 7. lat. 1040 59 2 1 9.8250 = | 
C8 ͤ NG: 5 „del. 20 % 953418 l 
| | enn. is 42 or 3 
— i e P R O BLEM LI. © | 
it Being at ſea in the weſtern ocean, fome time in the night, e 4 ane of 
„ two flars, when both were on the meridian, was obſerved to be 20%; and 1* 49% | 
: | after, the difference of their altitudes was 14* 353 and the wh of 
II their azimuths 30* 97 * Required the latitude of the ah 5 
1 N 1 
I : 
1. As the fans were on the meridian when firſt „11 * 
3 obſerved; their diſtance, difference of declina- 6 
? tion, and difference of altitudes, at that time, s 
! are equal: If they are firſt at d, &, and in the = 
; difference of time revolve to n, B; then | 1s | 
- GET known Zr, 4.DZB, DB, and ZB—2D. | 1 
| 5 Let zB—2 Dñ N; and Rp ZB TDM. ; 
_ Now (IV. 239) Fes n nf X52B=5" pp, p 
i Or (IV. 181, 17403 25 5N—25 N 42PZB A= r eb. 5 
e e FEES f 
"Mil 5 Or DZB+1 I * 25 »N + 1—$,DZB'X EF, M =I DB. 0-095 8 Y 1 
1 . . As DB—E+85 DZB Xs N 29 \DB—v/} DZB | 
; ON | Then = = = }=2 X50 
55 | l If DZB 2 , D zB. 90 
1 A 25,DB VU,DZB V,DZBXSN _ 2 25 „DB 25s, en | 
| 1 1 ra 5 D DRB © a 5 br 
| | Let TY 72 DAB 1%, Dhg= 454 and 21 VEL DZB+2L 1 pan TL Du x, g. | 4 
| Then M A-. | 21 7 1b . 1,7695 2 ; 21 * 7DzB. 15,1695 2 3 
=. Here DB=20%08' TIL, os 92972992 99 n "A 996960 1 
ORE” a En. 1113 94 © A==13,884 114251 Lian » © 9.98576 | F. 
en n 45 B==1 3-331 13,331 112488 1 
b l 351 MES ©5553 and e N 
> | Then 1 
— 5 af w_ . 


£ 
* 
0 
55 
d 
9 
2 
* 
K. 
K 
4 
62 
2 
9 


obſerved 3 


Qq; and de SFM re. 
imba, repreſenting half the parallel 


at right angles to n: Then will 
the angles med, mka, repreſent the 


tions By Az and mn, ma, are as 
the verſed Gnes: of thoſe times. 
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Then L ſum + Z 1 diff, =2B=35' 3050; and Z ſum —Z difE=2vb=20* FLY © 
Now DE: „DEE i „% b: 5„DE; and b 5 DEZ: : „z: 5,25 42 


TIE the latitude is 47? 50 N. 


By obſervations made at a place 7 in the ei aro ocean, it was s found that 


the dun s altitude was 36 S., when his azimuth was N. 100 5 E. and 
alt. was 46° S., when his azimuth was N. 1 28/ E. Wiat Was 


the latitude of the place and the Sun's declination? 


Let A, B, be the Sun's places when obſerved. 
In the triangles PA, Pz, where PASPB, :- 


By IV. 239 K 52 N. LAS PZA X 5,ZP X LADS, PA. 


„Z PNS „ 28—5, PZB NT X ED A. 


Then $ Dran N X EPs SPLAXGZA: 2 . — X 5 2 ZA X5 rank | 
Then® rn x e MED 2 


the Jaicude. 


t L's, zB + Ls, 2B = LA: And LSPA FENG = LB. Then 


ap ns. 

| S'ZB—SZA | | | : x 

Here . n=0,287703 9B =, 719333 bea 0158779: 
1. 0,13154. 0 0 
656, 14800 5 =3,9005=4,4% Hence lat. is 48 N. decl. 20 N. 

197. PROBLEM III. 


Given two altitudes of the Sun and the time e. noon when thoſe * 


were taten; thence to find the latitude and declination. 
Exam. At 8h. 8m. 11s. A. M. the alt. was 36®; and at ꝙ h. 10 n. 


51 5. the alt. was 40% 3 at a place in the weſtern ocean, Some time in 
May, 1763. 
Let B, a, be the Sun's . 


m, u, theſe of noon and Imidainbe ! 
Fe, Fd, Fm, FK, repreſent the ſines 
of the diſtances of thoſe places from 
the horizon HR, to the diameter 


On min: deſcribe the ſemieircle 


of declination, and let Aa, Bb, be 


times from noon, at the obſerva- 


And mB—<mAZAB. - . 


Then AB: * n: ne; and me+Fe= . 


8 2 Alſo 


= an. 33) ws) „ r 


= 


Rr 


n 


8 
U—̃ — ers 


1 
| 
o 
: 
£ 


1 


ap Lo — SES ry 
— 


4 


— 


* Br 
„ 


—— 


— 


* 


1 
by 


In the triangles Bz, Arz; are given, 


260 3 A ST RON OM Y. Bock V. : 


Alla AB: de:: n: mk; ard Kn FR FK, the ſine of Rn. 


; Hence the latitude and declination are found, 5 | (185) 
Here ABZ(s ef nb ca. — ky = > X 25, mb— a — * 25 N. | x; 
| (IV. 181) | 


And lun a. —51lt DR > 26 5 it, 25 2 2 


3 =s w * 20 v. 


8 8 N | | (IV. 182) 
fe OSHS TI WY \ 5 e 
Now 1 * nn ELMESSLS AM LV, x T LOW LV,, 2. 
And 1, X = Lyme =LymK +252 /.mEb. 
8 * 2 | 
In this example, the ZR 23h. 51 49 2 57 5747 its 22228 585, 
| e 49 9=42 174. | 


warm js | Lam. 5 of 17498 
42 174 36 I Ts, x 7 50 0, 965 53 
— 6 L, w 41 © 987778 
100 142 550% 71 =M Ls,V 5 0 8, 94030 
— — — — | L„2 | 0,301@3 
ob ml FP > and, Nw ns Bol, TOOL 15 e e aa 
4,36 F, 58778 J 1,5783 | 10, 9962 
mc, 298 21 „ 2 L N 55% | 37039 - 
. o 19” Ine 029521 9:47012 
KI, 25810 | 1 | CON 
F&==0,375 1 2 131 A. 00 55 the co-latitade. 
8. 2 10 19 59 14 * decl. "OP 20th, 
| | 39 0 85 28 | 


198. The following i is another ſolution, on different principles, 


(fee the foregoing __ ) 
BZ, AZ; BPZ, APT7, hour angles; and PB=PA 


To find PB, PE; for whoſe ſum and diff. put u and x. . 


$ PB X „E X ©,BPE-þ SPB X SZS. BZ, 
o 3 7 3 2 » * . 
Now (1 239) {5m XHPZXSLAPZ +5 PA NK „PEN, AZ. 


Or (av. *. 174) Fa 15 2 nbc? ES4N + Z M= „BE. 
455 252M XSAPZ+ FIN +45: \M<=SAZ. 


- 


SCPZ | AZ 3 
9 5 N ＋ 19 = ) s OTE — MN 5 " BPZ=5 3 15 51 


N daz. 


Therefore (ie, —17 N ans ants e M. | 


1 


ö 
CY 


FA 
: 
f 


2 
ak 4. — 
1 
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ö Therefore 5 BZ Kara XI ra a „AZ — PE N SNÞ+35,M. 
q | Again, 5 aZ2—9 * 3 Arz-, BPZ N 25% NES", M. 
| | 8 | "BI — 
x 3 . Hence IV. 216. 
| — SAPZL==S,BPZ, 
DN IR 6 era * „ ALS „BZ F, Ap X 232 
ö 5 „APE „Bz 7 
f 14 * , A2Z2—1 ＋ 5, APE KE, 
e „ APZ— , Bpz 
4 = (= „BPZ XS 2 —5 2 Xs 252 +5, 2__ ; =) 
1— \BPZ X 5 Ds * 222. 
—_— * X 2 AZV APE NF, BZ X 
on SM OY 18255 
25s jars er x5 pr 
Take: „ APZ=—S,, BPZ ; 
v, BFE NJ, AZ — , ABZ X „BZ 
And $ "N= = ( "FT es 
| 255, BPZ * A2 — 256, TAPE X „BZ 
APES „BPZ . 

Here. das 575 4, its 28 881 Ara A2 1747 115 I=218 85/, 
| =54*%; AZ=44*%; $,BPZ=0,53000; s APES 0,73978, their 
| differeace= _ N 8, 

"7 7, 3oio3 , SS o, 30103 
4 215 280 85% ; 2155 289 88 
N 5 18 15 * 9.37050 
| 1% 44 9.85093] e 44 9.85093 
L. A 1.10104 10,4180 , as 0, 33764 9,5 2846 
1 8 b 5 . . o, 30103 
fl 21 21982 ? 2154 212 85 30183 
; 3 T RTE 9.11438 
| Ls, 54 976922 Li, 54 9,7922 
9 L,B 1,02260 | 10,00971| ,s o,! 5298 9.18463 
I 2 r 8,89454 1 0.18466 9,26637 
3 1 . ' — ————_—— | 
þ 1 „ 112% 1% 9.574% l, 289 of 9.94585 
FI 7 | 180 
| 8 the latitude is 48? oO N.; declination 10 59 , which anſwers 
1 | .to the, 20th of May. : 


8 3 199. And 


9 Las a ated 


„ ASTRONOMY. Book V. 


19g. And hence is readily derived the c en of that method, i 
pub; ſhed in the year 1759, and then uſed by ſome for finding the true 
latitude at ſea, by knowing the latitude by account (or dead reckoning), 
the Sun's declination, two altitudes of the Sun, and the time between the 
obſervations. "Thus. See the laſt figure. 

Let M and x repreſent the half ſum and half diff. of the times from 


8 r 
e 
= 7 


| noon ; ; Wand v, the half ſum and half diff. of the two altitudes. 
As the diff. of the co-ſines of the times from noon, to the radius Em. 


Ab the diff. of the ſines of the altitudes. 
Z. BAD repreſents the latitude; Em the co-f. of the declination. 

Now (197) $M X25,N=AB reduced to the rad. 2 1 N: and "TY Va 

yvSAD. But in the wrinngle ASD: Ge 


— 


„ ht. : K . 4 ech X AD, to rad, Er. 


z lat. 
ELD 5 
And decl.: : AB xX. — — X AD= AB redu 
? TP N Mech $ decl. — bo a 
to the radius 2 Q . 
Then 5 MX 26,N= LA _—_ * w x av. 
s,decl. Wy . | 
I | 1 | 


If this latitude and that aſſumed are the ſame, then the latitude by ac- : 
count, or dead reckoning, may be taken as the true latitude. 


. | mn than was aſſumed. 


. PROBLEM Uv. 


s, decl, $ "lar. * Sy ITS . 3 


Then M + N= mb, the time froin noon at the leaſt altitude. | 

And M—N= 4 mea, 'the time from noon · at the greateſt altitude. 5 

Hence the verſed fines of the arcs nb or ma, are known to rad. 2 : WG 
Now R: EM:: dm : ma EM Vgma; or MB=Em X v, nb. 

And R: „m Ad: : mA: m:: 8: me.) 

Then Fm Fd om. or to re em, is the ſine of the mer. alt. 
5 Hence the two operations. | „5 

Iſt. L's, decl. + Ls, lat, + LS,N + LS, W + LsgV = LSM. IT 

Hence the times are known; viz. arcs ma, mb. | 

2d. Ly, decl.+Ls, lat, + L, + 2L fm L, md. 1 

Then by the merid. alt. and declihation the latitude may be found. 


\ 
<4 


But it they differ, it is plain that the SE the e is leſs or 5 


— 


Gon aha . deſcending ( or aſcending) altitudes of the Sun, taker en the 


ame day at unequal known intervals of time; thence te find thoſe times, the - I 
latitude of the place of obſervation, and the Sun s declination. Thus, ſup- - 
poſe in Fuly, 7 the altitudes were 54 307, 46, and 30 and the in- 
bervals of time 60m. 5359. and 6m. 405 * Required the reft. 


* 8 


„ nt 


—— . 0 ARR — HI SEA As nn i 94 


| 


$ 
$ 
1 
| 


N 8 "It: * ; ” "—IS 


| 
| 


ay R 
bone, p 
* 7 


$, 
Kt 


clination deſcribed on m u, and a, 5 
6, ci the places of the Sun when ob⸗ 


f 
| 


and midnight; and let , fie e F, d r, 


. equal to the "A mEc, the time from 


taken, could 3. found, the times 
from noon when the other two were 


Az x N, c S, pc * „PZ A 1 
Then 5 „ CPADS rz K % N =( 720 —9. N II. 48.) 
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Let m an be the parallel of de- 


ſerdedʒ a R, * B, and e C the ſines 7 
of the times from noon to the ra- 
dius k m m, u, the places at noon 


n F, F E, repreſent the ſines of the 
diſtances of thoſe places. from the 
horizon HR. Drawer g parallel to 
Az; then if the Z. gek, which is 


noon when the greateſt altitude was 


taken would be known alſo. Now _ 4 | 
cb being one interval, and h a the other, b c and 10 a, the chives of theſe 


arcs, will be known, as alſo c a which is the chord of their ſum. ppg 


5 perpendicular to a c Now in the 7 angled A cb o, the Cb e o= 
the arc h 4 (II. 120), and the ſide c þ = twice the ſine of & the arc b 6 


conſequently &: „ c 0 arc ba): : be (=2 „ T arc be) : bo; and 
26 (2,8 arc bc) : c 0. Now 4; de, the 


R: 5, c 5 0 a e 
diff. of the ſines of the altitudes, are known 3 and the lines 5 d, AC, a c, 
are cut proportionally in e, Band r 3 conſequently, df: de:: (ca: cs: :) 
ca: c, and co—cr=ro: In the triangle bo r, (III. 46) rochs:: 
R: , rb PEA r cg. Now 4 ac EE ( Scompt. of & whole interval a c) 


—{rcg=l. 2 c E Ce Ematime from noon when greateſt altitude was 


obſerved; therefore the time is known, as well as cm the verſed line of that 
-time Sou noon, 


Again R 


5% 5 % Ke 


And Ac : me : 7 N Then rd+ dn=rm, the fine of rm, 


Thie Problem has, at N "Io near a > century paſt; exerciſed the ta- 


lents of many ingenious perſons, as well in Rufſia, Germany, Holland, 
and France, as in England; perhaps, on account of its apparent uſe at 


fea: And among the different ſolutions there ſeems none ſhorter or more 
intelligible, particularly to beginners, than that above; however, for the 


ſake of the more inquiſitive, another, lolution; which has been r 
given, is here ſubjoined. : 


* 


201. In the laſt Guts: the ths . cz, BPZ, APZ, ate thoſe 
f concerned; ; in which the ſame two ſides are common in each. 
'P derz X $,PC X „PZ, e * PLS 12 


E KH X's rz TH NES % B n IV. 239. 


And s 529 „APE X S, PC * GPLS(s ;ZC—S,ZADZ) D, n 

Hence D x 5\,CP2z—5,BPz NJ, PZ2— 4 \APZ. (II. 147] 

Then DXs e „C PZ DN. e „APE. Wt 
84 Or 


264 ASTRO 


NOMY. 


Or, Dd x \,Cpz—d x > pe (SBN erg) DN dure warn. 
But, BÞZ S E Ac, And'APZ =CPA+ APC, 


Conſequentiy, 15 


Hence $—4 N 5+ 
p dX$S,CPEXS, APC 


rz E 5npeo—5 CPZ X S,BPC.' 3 av 216. F 
5 AZ 20! PZ XS APC „pz X 5, Ape. 8 
DX „CPE X $,BPCD X 5,CPZ HBP 


+4 x $,CPZ x SS APC, | by ulis. 1 


Or, D—D xs, Ae eee 
er Wherefore, 
: rob * „BFC d=dxrapc 
Ax, APC DXSBPC. 


__vV,BPCXDa v. ACX __S,CPZ_ 
"HAPCXA NA HBPCXD 1 SCPZ 


from, noon, when the 3 alti 
Here Fd=5,54* 300 2, 81412 


(== 7 "APC 3 = D Boring APC 7M 


dN „Are © D'X 5, BPC 


2 cz, the meaſure of the ume 


tude 1 was obſerved, FINS 


Fe=5,40 00, =0,71934 (T Then of = 022633 3 duo os. 


F/ = 00 , 58779 
The arc yy or erz, 21 h. o m. 
arc ab, or BPA, I h. 2 m. 


arc c 4, ener 2 h. 3 m. 1 5323 its 2 may 267. 
wr ond | 15 hour by the 25 method. 75 find the hour 5 the 24 method, 85 
Radius 90 0d 10,0000] Þ (=f@) 22633 9.35474 
"NI a 3 e 41s „LBS . 15 134 9441943 
SS 6e 7 36 912224 DN % he 205945 * 8,77417 
N 91856 25671] (=4) 09478 897072 | 
Radius go? ο 10,00000]s,GApc 30% 532 2210592 
1 hx s, A A "Ea os 1 9.12224 JXHAPC 04867 8.68724 
. * 1 = D 22 8 IT 9.35474 
20% , VG BS 15 134 8.54882 
As fe 2263 3A. C. 0 645 26 DN, e 300795 7,9002 
Is to de 200478 8,97072| 7 (Ade) 509478 8.97672 
So is & ac (+.4cna) 159 267 9142547} v, are 5 399 $3F 9,15198 
Jo 2 74 | * 1154 9294745] x fe 01345 — 
4 60 213127 #0 DN, Bre 200795 % 
As 2 ro 701973 37 80 dXvVAPC=D XvBFC 00550. , . l 
15 to f bo 1 8,2671 vnn reᷣ-d NH 7 8,0 3262 
So is rad. 90 o 10.590 tang, 714 _9170774 
To Cr 0 47 323 228＋ Hence the b, fr. n. . ab. is 1148 7 
a c R 74 333 h m Of the ſecond obſervation 2 49 2 
gc = n E 163 1 48 4 Of the third obſervation 3 51 42 
Time of 2d v2{eryation. 2 48-59 Conſequently from any two „ f theſe, 
Time of 34 obſervation. 3 51 39] wich their correſponding altitudes, 
I the latitude and declination may be 
| 3 found by Problem $5: 


Here the akitude are rr. to 
N 3 


s 


55f.=15* 13773 its 4 9 367%. 


40 f. 215 40 ; its 12 7 ro. 


. argent does, dr in the after 


” — . * 


Bbok V. 


* CPZ 24 Sy APC—D XS, BPC * 


, 


220. 11 1 


[ 

7 
4 
4 
| of 


— 


where D 2 de. 
But R x v eb ve cb K X t leb. | £ (lv. 1937 195} 


Lo t. BO 


And (ac: c: 145 Im (== 
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202. If the altitudes were taken at equal WIN of time; the two 
&rft proportions are. uſeleſs : for a band 5c being equal, the paint o falls 


in the middle of the chord ca; and s, the verſed ſine, is known. 8 
Then : de;: (ca: on: :) ca; cf; and e- u ro. 
And bo ro: Rad, : r bo, Sac g; and act—ac g=gceE=cem. 
Hence the times from noon are known; and alſo mc, the verſed ſine of © 


cEm, 


Again, in Aacg. R : aeg: ac : * Ac. 


And Ag: n:: fd: am. Then rd am g m. 


Alſo Ac: mn; fa: MK. Then Km E. 
Here dr , 81412, er 719343 Fr, 58779; 4022633 d=0,09478. 


Alſo, arc e&&=1h. Im. 474 f. 15 26; co=0,26636; bi=0 03613. 


3 d:: ca: cr, 22309: and comer==0,04327«" | 4 50 
8 And bo 1 Rad. : : e 83'==; then 74 333—50? O83 4 2. 


kh m 


Then 245 241 137 35 from non at firſt alt. 
And 24 247 + 159 264397 518 22 39 262 from noon at 2d alt. 
Alſo 39 51 +15, 26 55 18 —3 41 14 from noon at 3d alt. 
Here the altitudes are ſuppoſed to be afcendin g ones, or in the * 
Again, rad. : g, cag: : ac 1a C=20,34142- 


And Ac: mc: 74. Im=z0,05927 ; then mF= =0;87338=, 609 517 


Alſo Ac: n:; f: e then KO, 243, 30? 54. 
| Heage the Latte is 4 7% 


_ ie geclin, 16% $875 ; or on May 7th. i 


203. But the operation in this MS. may be much owed, Thus 


ſince (df : de: :cC Fel LOSSY thence a ana ape © 
t 


of 
112 3 
- F 4 « NY : & 


| _ „ WESIOS > 7s \ DYXZcso ». 
./ 582 A. þ _—_ 7 *) 
And e Lads A nn AFN 


D 
55 


or 1 bo=L tIcb+L Af+ L,D, 


All (x; g:: 420 :) ac=(Hacgxac=) Hacg 25 ch. 


un Nd e 


AC eg Nr ——— rc b* 
nc fd Lark 


And (Ac n:: mK = ( 


* mR. 6 $413 # 7 
Hence Nee ee hen. 


And 15 52 c g+ L 1 . Fd 21 fmRc Land. 


kene enz, 240, 1895 5 and e A865 
Alſo 3 _ 43 26”; IO Re" 33. 2 | 


85 


AO © e ga cg N 


' 
21 
: N 
. 
k * 
* 
1 
% 
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% Pagel steg ag S je, 43 
5 Lc = I5 26856 6,5745 2 
1, v =003076 — * ; +, eee . 


— nm on 


f. 22633 96452 


ap 4 337 5 
; | pp — 4 * . , | er 
Ec 24 24; half is 12 1255. f 4 = 0,059233 3,7253 


aſcenſion, gives the right aſcenſion of the mid- Js 


dian, the interſection of which by a parallel of latitu 


— 


* 


155 2 „ — JJ TOE PUTT Ba REY. 7 9 a 
L,t,rb=50* o 10,085 1K, == 1, 32662 10,1225 


— * 


— 


— 


— _.. 


PROBLEM IV. 


204. Given the obliquity of the ecliptic, the latitude of a place, and 
the apparent time at that place, To find the longitude of the nonageſi - 
6 mal degree. 5 : — „ ; FCC | . t 6 343 2% 


_ — 


e / onmntTe 
| | r 38 IR bY 3 E 3 N © 1s 3 30E a 
The given time applied to the Sun's right 
heaven. 5 A 


Then let the primitive circle-reprefent the ſal- 


the equator y B, andecliptic y e, the center W \ -/ 


being their interſection. In the equator apply the 
right aſcenſion of the mid- heaven from Y to By | - 155 
and the circle pznx, being deſcribed, is that merl- 


p, gives 2, the place of the zenith; through 2 deſcribe a circle of lon- 


2 þzc, and the point © is the nonageſimal degree, and Ve its 


e 


ngitude. | 
: _ 7 * — 5 F . r 5 
e  ComPUTATIQN | 
In the triangle y pz. Given v5 the obliquity of the ecliptic. 
5 2 F CC 


2 de right af of the mid- heaven. 
Nequited 27 —4 ee 


ra 


1. 


„ 


and 144. \ 
oY e . e 


pDzTEZAMI NATION. 


Wen the right aſcenſion of the mid-heaven falls in the firſt quadrant, 
its quantity in degrees, increaſed by go, gives the angle z P , and the 


acute angle p 2 is the complement of the longitude of the nonageſimal 


2 When in the ſecond quadrant, the ſaid right aſcenſion in degrees taken 


from 270, leaves the angle z Pp; and the acute angle 2 p 25 increaſed by 
go degrees, is the longitude of the ponagefimal degree. 1 


_* When the ſaid right aſcenſion falls in the third quadrant, its degrees, 


taken from 276, leaves the angle z fp, and the angle r increaſed 
by 90 degrees, is the longitude ſought. R 


When 


a —— ̃ 5 


25 . = 12% 1275 8, 64998 


»p> 3 
\ 4 
8 c 
EF 4 
F.y 


V. ASTRONOMY, m& 


When in the fourth quadrant the ſaid right aſcenſion in degrees, lef- 
ſened by 270, leaves the angle z Pp; and the ſupplement of the angle, 
P p z, ſo long as it continues to be obtuſe, being added to three right 
angles, or 270 degrees, gives the longitude of the nonageſimal degree; but 
after it becomes acute, its complement is the longitude required. 
Note. In theſe determinations the latitude of the place is ſuppoſed to be 
north, and leſs than the diſtance of the tropic from the neareſt pole. 


EXAMPLE. Mt Greenwich, in latitude' 5 1 2853 NM. the obliguity of | the 
eęcliptie being 23” 28/ : What is the longituc/e of the nonageſimal degree on the 

14th of May 1780, at Ih. 24 m. 24 5. P.M. at 3 h. 4OM. 25, 25 M. at 
13 b. 22m. 26 4. P. M. and at 15h, 38m. 4s, P. i.“ 


5 | The ſeveral right aſcenſions of the the mid-heaven are thus found : : 


33 u m h m s h m sſh m 

1780. May 14th, at 141 24 24,3 40 2/13 22 2615 33 

The Sun's right aſcen. 3 27 3 3 27 580 3 29 3 3 29 56 
Right aſe. mid. hea, in time 4 52 o| 7 & ales 52 oltg 8 of | 


Right aſc, mid. hea. in degrees | "73% 00 1075 09] 2537 c. 287000/| 


The anglez yp,or æ y I7 oO | 17 00 [. 


r Ki | 


„ 


d. 2s 


The two following operations are wrought by IV. 2 37. and 238. i a 
„ ONE; oe” i e We 
P Pp 4 23 28 $7 


Sum 61 594 half is 30% 592 Arx. co. 5. o, 28823 Ar. co. 5. 0.06691 


Diff. 15 5j half is 7 315 9.11729 J. 9,9624 
4165 00, half is 1 0 9.4 %/ͤ ⁵— —h 27. 917450 
Hatt diff. Ee 2 and? 2 % „ 838000 ͥ . 

Half fam 9 485  — — — 9,2766 

The angle p as oe BA OE, . 

The difference 78 51 is the long. nonag. in 1ſt. quad, 
The lam 101 69 is the long. nonag. in 2d. quad. 
Sum 61 5, half 30% 592 Ar. co. 3. o, 28823 Ar. co. &. 0,06691 
ir , © PERO Out © 2 1 50 5 NT *. 9,99624 
Lr 17 oo, half 8 3o  *?. 10,82550 7. 10,825 50 
een, ͤ 59 , . ieee ];ĩ?7“ẽß 5 

Half ſun 82 38 —᷑/ FAP en— — 110, 88869 
The angle at p 142 12, its ſupplement is 3748 


$7 | | W . e f 7 : 270 OO 
Long nonag. in 3d qd, 232 12 Long. nonag. in 4th. qd. 307 48 2 
»The altitude of the nonageſimal being 1 — to. 2 p, the diſtance 


1 of the zenith from the pole of the ecliptic, it is found by the ſines of op- 


- 


poſite ſides and angles in the ſpheric triangle 2 Pp; that is, ſin. long. 
nonag..: ch · ſ. lat, : : fin, C Zz Pp: fin, alt. nonageſimal. . 


4 
CY 
—— 1 ; 
. 


moe 
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/ Practical Afironomy, _ 
205. DtscrpTION and Usz of ASTRONOMICAL INSTRUMENTS. 


By PrAcTICAL ASTRONOMY is meant the knowledge of obfervin 
the celeſtia] bodies with reſpeC to their poſition, and time of the year; anc 


of deducing from thoſe obſervations, certain condluſions uſeful in calcu- 


lating the time, when-any propoſed poſition of thoſe bodies ſhall happen. 


vatory properly furniſhed. _ 


An Op$ERVATORY is a room or place, conveniently ſituated, con- 


trived, and furniſhed with proper aſtronomical inſtruments for obſerving 
the motions of the heayenly bodies: it ſhould have an uninterrupted view, 
from the zenith, down to (or even below) the horizon, at leaſt towards 


its cardinal points; and for this purpoſe that part of the roof which lies in 
the direction of the meridian, in particular, ſhould have moveable covers, 


which may be eaſily removed and put on again: by which means an in- 


£ ſtrument may be directed to any point of the heavens between the horizon 


and zenith, as well to the northward as ſouthward. 


The furniture ſhould conſiſt of ſome, if not all, of the following in- 


ſtruments. Gen SU ee e 
_ Iſt, A PenDuLUM CLock for ſhewing equal time. 


2d. An Achromatic REFRAcTinG TELESCOPE, or a REFLECTING 


mena. 7 e | 

Za. A MIcROMETER for meaſuring ſmall angular diftances. #7 
Ach. An A8TRQNoMICAL QUADRANT for obſerving meridian alti- 
tudes of the celeſtial bodies. | 5 \ | | 


Ons, of two feet at leaſt in length, for obſerying particular phæno- 


5th. A TRANSIT INSTRUMENT for obſerving objects as they paſs over 


the meridian. Ds Shes 
' Gth. An EQUATORIAL SECTOR to obſerve angular diſtances, of ſe- 

veral 1 and the differences of right aſcenſion and declination. 

th. 

jecl has the ſame altitude on both ſides of the meridian. 8 05 
- It is not intended to give in this work any other than a general ac- 
count of theſe inſtruments, maſt of which have met with conſiderable im- 


rovements (if they were not contrived) by the late Mr. George Graham, 


R. S. one of the moſt eminent Artiſts in mechanical contrivances that 


this, or any other nation has produced ; thoſe readers who are curious to 


ſee a minute deſcription of ſuch, and other, inftruments, together with 
their uſe fully exemplified, may conſult the ſecond volume of Dr. Smith's 
complete Treatiſe of Optics, Stone's Treatiſe of Mathematical Inſtru- 
ments, the -Philoſophical Tranſactions, and the works of many writers 
who have treated on ſuch ſubjects. OOF or TIN» 5 


oy 


For this purpoſe the Aſtronomer, or Obſerver, ſhould have an obſer- 


n EqQuaL ALTITUDE INSTRUMENT: for finding when an ob» 


| 6 LI , 
* 5 9 
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26. Of the Pan Chet. 


A clock which ſhews time in hours, minutes, and ſeconds, ſhould be | 


choſen; with which the obſerver, by hearing the beats of the pendulum, 


may count them by his ear, while his eye is employed on the motion of 
the celeſtial object he is obſerving, 7 * 1 


Juſt before the object arrives at the poſition deſired, the Obſerver ſhould 
look on the clock and remark the time; ſuppoſe it 9* 15* 25* ; then ſay- 


ing 25, 26, 27, 28, &c. reſponſive to the beats of the pendulum, till he 


ſees through the inſtrument the object arrived at the poſition expected, 


which ſuppoſe to happen when he ſays 38; he then writes down 9 
15 38˙ for the time of obſeryation, annexing the year and day of the 
If two perſons are concerned in making the obſervation, one may read 
ttzce time audibly, while the other obſerves through the inſtrument, the Ob- 
ſerver repeating the laſt ſecond read, when the deſired poſition happens. 


27. Of ths Teleſrope. 


- TheRernacrting TELESCOPE is an inſtrument with which almoſt 
every perſon is acquainted, eſpecially the marine gentlemen ; it will 
therefore be ſufficient to remark here, that an a/tronomical teleſcope has 


only two convex glaſſes z wiz. the eye-glaſs, or that which is uſed next to 
the eye; and one at the other end, uſually called the object-glaſs, which 
has much the longer focal diſtance : ſuch an inſtrument, although it in- 


verts all objects, is yet as uſeful for viewing thoſe in the heavens, as if it 


ſhewed them erect ; the Obſerver knowing that the motions are in an op- 
poſite direction to thoſe he ſees through this teleſcope : But the Achro- 
matic Refracting Teleſcope, which has been lately invented by Mr. 
Dollond, has its object-glaſs compounded of three glaſſes, and combined 


with two eye-glailes placed near each other. This inftrument, which thews 
objects in their true poſition, need not exceed three feet and a half in 


length. © 


Ide ReeLecTING TELESCOPE, as is generally well known, ſhews 
objects in their true poſitions; and as it is much ſhorter: than the old re- 
fracter, it is therefore in much greater eſteem by ſome. 


A teleſcope, uſed in aſtronomical obſervations, ſhould have a metal 
frame fixed in the focus of its object-glaſs, carrying fine filver wires 


ſtretched at right angles to one another; one of them is to be vertical, 
and the other horizontal; the interſection of thoſe wires ought to be ex- 


actly in the middle of the focus of the object-glaſs; a line paſſing through 


this interſection and the center of the object-glaſs, is called the line of 
fight, or line of collimation. 1 af . 


NH Micrometer. 3 
A MicRomETER is an inſtrunient uſed to meaſure ſmall 8 di- 


ſtances by being placed in the focus of a teleſcope. This is effected by 
turning a ſcrew, which moves a fine wire in a poſition parallel to itſelf, and 
alſo parallel to a fixed wire; both being in a plane at right angles to the 

line of collimation: the diſtance of: theſe parallel wires is meaſured by the 


number of turns the ſcrew has taken to cauſe their receſs; which number 


ef turns is ſhewn on a graduated circular plate (like that of a clock) by an 


index, 


8 ** 2 — 
1 . * 4 
— BIG „4 3 4 7 


a } 
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index, or hand, which revolves by the turning of the ſchew: now the di- 
viſions on the plate, anſwering to a known angle qr arc intercepted bes 
tween the parallel wires, being known by . any other diſtance, 
to which the wires can recede, may be known by proportion; and fo a 
table of angles anſwering to every diviſion on the circular plate may. be 


formed, by which the obſerved angles will be readily known. 


Thus i in obſerving the diameter of a planet; when the wires are — 
moved ſo far aſunder, as to become parallel tangents at the ſame time to 


oppoſite points of the planet, the meaſure of the receſs of the wires will 


ew the diameter of the planet in minutes and ſeconds. | 
There is another micrometer publiſhed by the late very ingenious Mn 
Dolton * „ an account of which was given to the Royal Society by Mr. 


James Short, F.R.S. and publiſhed | in the une Tranſactions for 
i roy 1753» which is thus: 
| c 


Let a g ircular object- glaſs be Hts cut into two teins; 3 and 


each ſemicircle-fitted in a metal frame, ſo that their diameters fliding on 
one another (by the means of a ſcrew) may have their centers ſo brought 
together as to appear like one glaſs, and ſo form one image; or by their 


centers receding may form two images of the ſame object: it being a pro- 


perty of ſuch glaſſes, for any ſegment to exhibit a perfect image of an 


object, although not ſo bright as the whole 2 would give it. 
No proper ſcales being fitted to this inſtrument, to ſhew how far the 


centers recede, relative to the focal length of the glaſs, will alſo ſhew 
| how far the two parts of the ſame object are aſunder relative to its diſtance 


from the object-glaſs; and conſequently give the . e 8 the 


8 ep We the fans: of that object are Jens” 25 


209 8 2 45 Of the eee Quadrant. 


An ASTRONOMICAL QUADRANT is an inftrument in the form of 4 
quarter of a circle, contained under two radii at right angles to one an- 
other, and an arch. equal to one fourth part of the circumference of the 


7 circle, and conſiſts of the following parts: _ 


Iſt. Its frame. This is uſually compoſed of iron or dens bars, ſet at 
right angles to one another in as ſtrong and neat a manner as a workman- * 


can contrive, to preſerve the face of the inſtrument in the ſame plane; and 


be as little affected by heat and cold as is poſſible. 

2d. [ts center. This center, which is a very fine point, ſhould be cons 
tained in a ſeparate piece of work ſcrewed to the bars; and ſo contrivedz 
that if the index, or teleſcope, by frequent motion in a length of time; 
ſhould become irregular in its rotation, by the parts wearing, a new col- 


4 lar and focket may be fitted to the firſt center, and the inſtrument e eed 5 
to its original . - PH ; 


1 p 


** — — 2 — 
* 


2 
— — 
* 


„ The ert notion of ſuch 2 micrometer was given by n a Dane, in 
the year 1675 3 Mr. Savery, an Engliſhman, allo thought of ſuch a con- 
trivance, which he communicated to the Royal Society in the year 1743; Mr. 
Bouguer, a Frenchman, alſo propoſed i it in the year 1748; and Mr. Bolland 


an Engliſhman, publiſhed it in the year 1753: but the public are obliged to 
Mr. Short: for putting the theory into execution, e it might ſti have 


e yy as an * . 


„ 
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34d. Its limb. This is a braſs arch of about two inches broad, well 
fixed to the ſaid frame: Work, and generally continued a little farther at 
each end than the extent of 90 degrees; the two perpendicular radii may 
be alſo covered with plates of braſs ſcrewed to them; and the whole face 
of the inſtrument is to be worked ſmooth, and brought into the ſame plane 
„„ „c HET - F . 


Ath. Js divifions. © The ares of 60, 30, and go degrees, ET alle: the 
intermediate degrees, together with ſuch ſubdiviſions as the ſize of the de- 


* 


5 grees will conveniently contain, are laid down by the accurate methods 
well known to good workmen. 9 5 1 a 


* , 


th. [ts index or ge. This, which is uſually a braſs tube con⸗ 
taining the proper glaſfes and croſs wires, is fixed near the object end to 


a braſs plate, à little above a circular hole, or ſocket, in the plate: this 


| ſocket goes round a collar concentric to the center, and fixed to the cen- 
ter- piece; ſo that, although the axis of the teleſcope does not, as a ra- 


dius, paſs through the center, yet it always keeps at the ſame diſtance 
from it in every poſition: to the eye-end of the tube is ſcrewed a flat 
plate, which flides along the limb with the teleſcope; this plate, called 
the VERNIER, contains certain diviſions, which, uſed with thoſe on the 
limb, give the angle to minutes or ſeconds of a degree, according to the 


ſize of the inſtrument: the beginning of the diviſions called the index, 
on the Vernier, is as far diſtant from the axis, or line of collimation, as the 
Center is; and therefore the poſition of an object is given as truly, as if 
the line of collimation coincided with a radius. 7 5 g 


Sth. Its pedeſtal. This part, which ſhould, by its conſtruQion, be 
very ſteady, may be either moveable or fixed: the moveable pedeſtal is 
commonly a ſtrong pillar ſtanding on a tripod, or three-footed ſtand ; 


with holes through each foot, either to ſcrew them to a floor, or to pin 


them to the ground: the fixed pedeſtal may be either a ſtrong timber 


frame, or the wall of the obſervatory, or a ſtone ſhaft built from the 


* 


ground through the middle of the floor of the obſervatory. On the top 
| 95 the pillar, of either fort of pedeſtal, may be fixed a piece of machinery 
called the arm, which is attached by ſcrews to the middle of the plane of 
the quadrant, on the under ſide. The arm is contrived to give to the 
inſtrument, either an horizontal, vertical, or oblique motion; which mo- 
tions ſhould be ſteady, and free from jerks, or ſhakes : but when a wall, 


or ſtone ſhaft, is uſed as the ſupporter, the quadrant is then fixed to the 


wall, or ſhaft (without its arm attached) and is called a Mug AL Ach; 
its plane is adjuſted to that of the meridian, and this is the beſt method 
of fixing the quadrant for taking the meridian altitude of the ſtars, or 


planets. 


Ith. Its plummet. This is a, ſufficient ball, or weight, hanging to one 


end of a very fine ſilver wire, the upper end being fixed in the radius con- 


tinued above the center. Now when the face of the quadrant is ſet in the 
plane of an azimuth circle, one of its radii is brought into a vertical poſi- 
tion by the help of the plummet, the wire being made to biſe& the center- 
paint and the diviſion of oe on the arch; and-to diſtinguiſh theſe biſec- 


tions with accuracy, they are to be examined with a ſmall proſpect, or 


magnifying-glaſs: the ball ſhould hang freely in a veſſel of water to check 


its vibrations. LAGS E385 bf 
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T his 1 conſiſts of a teleſcope po at rieht 13 to an ho- 


rizontal axis, which axis muſt be ſo ſupported, that the line of Fallima-, 
tion of the teleſcope may move in the plane of the meri ian. 


The axis, to the middle of which the. teleſcope. is fixed, ſhould gras: 
dually taper towards its ends, and terminate in cylinders well turned and 
ſmoothed : and aypropet balance is to be put on the tube, ſo that it way, ] 
tand at any elevation when. its axis.reſts on the ſupporters, .. 
Tuo upright poſts of wood or ſtone, firmly fixed at a proper diſtance, | 


are to ſuſtain the ſu porters, of this inſtrument :/ theſe: ſupporters are two 


thick braſs plates, aving well, ſmoothed angular notches in their upper 
ends to receive the cylindrical arms of the axis : each of the notched 
plates are contrived to be moveahle by : a {crew,, which ſlides them upon 


the ſurfaces, of two other plates immoyeably fixed to the two upright 


poſts ; one plate moving in a vertical, and the other in an horizontal, di- 


rection, to adjuſt the teleſcope to the planes of the horizon and meridian : : 


to the plane of the horizon, by a ſpirit level hung 1 in a parallel poſition, to 


S axis, and to the plane of the meridian in the following manner: 


. Obſerve the times by the clock when a circumpolar far, ſeen through i 


this inſtrument, tranſits both above and below the pole: and if the times 


of deſcribing the eaſtern and weſtern parts of its circuit are equal, the te- i 


leſcope is then in the plane of the meridian; otherwiſe, the notched 
lates muſt be gently moved till the time of the ſtar's revolution is bi- 
eq by both the upper and lower tranſits, taking care at the ſame time 
that the axis remains perfectly horizontal. 
When the teleſcope is thus adjuſted, a mart” muſt be ſet at a e 
derable diſtance (the greater the better) in the horizontal direction of the 


interſection of the crols- wires, and in a place where it can be illuminated 


in the night-time by a lanthorn hanging near it; which mark being on a 
fixed, object, will ſerve at all times afterwards to examine the poſition of 
the teleſcope by, the axis of the e e firſt aaa by means 
of 1h level. Tt IO BARE VF MY 25 5 1825 4 


Ton 1 X 


A wu 


21 I; To adjuſt the 2 5 the gur 1 Trayft over - the Meridian,” 5 


Note the times by: the clock, when the preceding and following edges 
of the ſun's limb touch the croſs wires: the difference between the mid- 
dle time and, 12 hours, ſhews how much the mean, or time by the clock, 
is faſter ot ſlower than the apparent, or ſolar time for that day; to which 
the equation of time being applied, will ſhew 5 time MN mean nooh for 
that e by N the clock may be ues. 
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great to be obſerved by means of a micrometer. It conſiſts of the i 


lowing particulars: 


1ſt, A braſs plate called a ſector, formed like a T: having the ſhank © 


(as a radius) of about 23 = long, and 2 inches broad, and the croſs 
piece (as an arch) of about 6 inches long, and 14 inch broad; upon 
each being ſubdivided into as ſmall parts as are convenient. LR 
2d. Round a ſmall cylinder, containing the center of this arch, and 


fixed in the ſhank, moves a plate of braſs, to which is fixed a teleſcope, 


having its line of collimation parallel to the plane of the ſector, and 
paſſing through the center of the arch and the index of a Vernier's divid- 


ing plate, which flides on the arch, and is fixed to the eye end of the te- 


leſcope. This plate, with the teleſcope and Vernier, are moved on the 
cylinder, by means of a long ſcrew which is at the back of the arch, and 
communicates with the Vernier through a ſlit cut in the braſs work, pa- 
rallel to the divided arch. ._ | Eno oe 3» 

_ 34d. A circular braſs plate, of 5 inches diameter, round the center of 


which there moves a braſs croſs, which has the oppoſite ends of one bar 


turned up perpendicularly about 3 inches. Theſe ſerve as ſupporters to 
the ſector, and are ſcrewed to the back of its radius, fo that the plane of 
the ſector is parallel to the plane of the circular plate, and revolves round 
the center of that plate in this parallel poſition. 3 5 

4th. A flat axis of 18 inches long is ſcrewed to the back of the circus 
lar plate, along one of its diameters ; ſo that the axis is parallel to the 


plane of the ſector: the whole inſtrument is fupported on a proper pe- 


deſtal, in ſuch a manner that the ſaid axis is parallel to the axis of the 


earth; and proper contrivances are annexed for fixing it in that poſition. 


No the inſtrument, thus ſupported, can revolve round its axis, pa- 
rallel to the earth's axis, with a motion like that of the ſtars ; the plane 
of the ſector being always parallel to the plane of ſome hour circle, and 
conſequently every point of the teleſcope deſcribes a parallel of declina- 
tion; and if the ſector be turned round the joint of the circular plate, its 
graduated arch may be brought parallel to an hour circle ; and conſe- 
_ quently any two ſtars, between which the difference of declination is not 
greater than the number of degrees in that arch, may be obſerved by the 
inſtrument. ED e „„ Let ot N 

2213. To obſerve their paſſage, Direct the teleſcope to the preceding 


ſtar, and fix the plane of the ſector a little to the weſtward: of it; move 
the teleſcope by the ſcrew, and obſerve the time ſhewn by the clock at 


the tranſit of each ſtar over the croſs wires, and alſo the diviſion ſhewn 


by the index; then is the difference of the arches the difference of decli- 


nation; and that of the times ſhews the difference of right aſcenſion of 
thoſe ſtars. . 85 3 


214. Of the Equal-Altituds Iiſirument. 


An FquaL-ALTITUDE INSTRUMENT is that uſed: to obſerve · a ce- 


leſtial object, when it has the ſame altitude on both the eaſt and weſt ſides 
of the meridian, or in the morning and afternoon; and conſiſts of a tele- 
ſcope of about 30 inches long (with 2 vertical, and 3 or 5 horizontal, 


wires in its focus) ſupported on the end of an iron bar, or axis, of 30 


inches long, and about an inch in diameter. The axis is ſuſtained 


which, with a radius of 30 inches, is deſcribed an arch of to degrees, 
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In a vertical poſition by paſſing through a hole in the upper end of a braſs 


box, whilſt its lower end ſupports the lower point of the axis. The box, 
which is about 21 inches long, with ends about 4 inches ſquare, has only 
two ſides, which are fixed at right angles to each other. To one of 
theſe ſides are fixed four flat arms, with a hole in each, by which the box 
is fixed in a vertical poſition to an upright poſt with ſcrews. On the 
lower end of the box lies a braſs plate, which ſlides in grooves, and can 


be moved gently backwards or forwards by means of a ſcrew. In this 

plate a/fine hole is punched to receive the ſmooth conical point, which 
the lower end of the axis is formed into. On the upper end of the box 
are two plates, which. flide alſo in grooves; and, by the means of 


ſcrews, can be moved gently ſideways, till their angular notches embrace 


the axis; which, in this part, is made perfectly cylindrical, and very 5 


ſmooth. _ 3 bags 5 N 0 

o the upper part of the axis is fixed, by its radius, a braſs ſextant 
(or arch of 60*, to a radius of ſeven or eight inches) with the arch 
downwards, ſo that the center is juſt above the top of the axis: alſo a 


ſpirit level is fixed at right angles acroſs the axis, juſt under the arch, fo 
as to be clear of the upper end of the box. 


To the under part of the teleſcope is fixed a braſs ſemicircle, of the 
| ſame radius with the ſextant, both arches having a common center- pin. 
In the ſemicircle is a groove cut through the plate parallel to its limb, to 


receive two ſcrew-pins, which go into the ſextantal arch near its ends; 


by theſe {crew-pins the two arches may be preſſed cloſe, and the tele ; 


by graduating 


e ſemicircle, and putting a Vernier's ſcale on the 
ſextant, : To | 7 


T0 uſe the Inflrument. Fix the box to the poſt, put the axis into the 
box, letting the conical point drop into the punched hole, ſcrew on the 


level, and annex the teleſcope, obſerving to inſert the center and arch 


pins; then, by the help of the ferew- plates at the bottom and top ends 


of the box, correct the vertical poſition of the axis, ſo that the ſame end 


of the air · bubble in the level may ſtand at the ſame point throughout the 


whole revolution of the axis, which will thereby be known to be then 


trucly vertical, ſo that the teleſcope will deſcribe a parallel of altitude: di- 
rect the tube to the ſun, or ſtar, and fix it at the deſired elevation by 


preſſing the two arches together with the two ſcrew pins. 


Some inſtruments have been contrived to anſwer both kinds of obſer= 


vation; viz, either a tranſit, or equal altitudes, | 


215 T0 adjuſt the Clockty equal attitudes of the Sun. . 


_- Having reQtified the inſtrument by the level, and being provided with 

a piece of tranſparently coloured or ſmoked glaſs to preſerve the eye; then 
at any convenient time from about 6 to 3 hours before noon, direct the 
Leleſcope to the ſun, and fix it by the arch, fo that the whole body of the 
ſun ſhall be above the upper wire (the aſcent of the Sun appearing through . 
the teleſcope as a deſcent) : mark the times ſhewn by the clock, when 
the preceding edge of the Sun touches each of the wires; and alſo = 


— 


ſcope fixed in = deſired elevation; which might be nearly aſcertained: 


= 
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the following edge touches thoſe wires, writing down thoſe times ; the 
inſtrument being turned horizontally on its axis to follow the Sun, and 
keep his center in the middle of the teleſcope between the vertical wires, 
About the fe time after noon (taking care to be early enough) turn 
the inſtrument on its vertical axis, the teleſcope remaining fixed at the 
ſame elevation as in the morning, and rectifying its horizontal ſituation 
by the leyel, obſerve the Sun in its deſcent, which through the teleſcope 
appatently aſcends, and write down the times when the preceding edge 
touches each wire, and alſo when they are touched by the following edge, 


keeping the Sun in the middle of the teleſcope ; and the ſets of obſerva- 


tions are made. ; | 


There are as many ſets of obſervations, as there are horizontal wires: 


for the fore and afternoon contacts of the ſame edge of the Sun with the 
ſame wire, make one ſet ; and the ſam® edge which precedes in the fore- 
noon, follows in the afternoon; and that which follows in the forenaon, 
- precedes in the afternoon ; therefore the 172 75 


„ ] | | laſt, EEE oe i-th 1 
2d, * M. preceding, and the 3 laſt but one, | P. M, following, 
3d, &c. laſt but 2, &c; . 
make a ſet. a 0 3 | 
2d, a M. following and we n but one, ö p. M. preceding, 
III ²² . 5 


make a ſet. . 


- Then to each ſet, or pair of obſervations, find the middle time, which 
added to the time of. the morning obſervation, gives the time ſhewn by 
the clock when the Sun was on the meridian, if the obſervations were 


made within two or three days of the ſolſtice, when the Sun's declination 


would not ſenſibly alter between the fore and afternoon obſervations : but 


on other days, this time mult be corrected, by applying an equation to it, 
ſhewing the alteration in time, ariſing from the alteration in declination 


between the fore and afternoon obſervations. 


The time, by the clock, of the ſolar or apparent noon being thus = Y 


tained, the time of the mean noon may be had by applying the proper 
equation of time. | . | 

When the time of noon is ſought from two. or more pairs of obſer- 
vations, if they give different times, it is beſt to take the medium be- 


tween them, which is found by dividing the ſum of all the times by their 


number. 


216. | PROBLEM LV. 1 | 


Given the latitude, the declination of the Sun, and interval of tims between 
the Sun's having equal altitmdes before and 2 noon, to find the diſtance 
from noon of the middle point of time between the obſervations. 3 

_ Iſt. Find the change made in the Sun's declination during the in- 
terval between the obſervations ; which will nearly bear the ſame pro- 


portion to the change made between the noon of the day, on which 
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the endes are made, and the noon of the ** immediately pre- 

2 or following, as the interval of time between the obſervations te 

24 hours. 
A2 2dly. Add the co-tangent of the Jatitude to the $o-fine of half the in- 
| 985 terval of time reduced to degrees and minutes of the equator; the ſum, 
rejecting the radius, is the tangent of an arc to be taken leſs than a qua- 
[ | drant, when the interval of time is leſs than the twelve hours, and greater 
| | than a quadrant, ſhould the interval of time exceed twelve hours. | 
| 3dly. Add 8 the arithmetical complements of the ſine of this 
| arc, and of the fine of the Sun's diſtance from the pole at noon, the lo- 
| 


garithmic ſine of the difference of theſe ares, the logarithmic co-tangent 

of half the interval of time in degrees, and the logarithm of half the 
change in the Sun's declination during the interval between the obſerva- 

tions; the ſum, rejecting twice the radius, is the logarithm of an arc, 

5 which, divided by 15, gives the diſtance of che middle point between the 

obſervations from noon, in ſeconds of time. : 
Athly. When the Sun's diſtance from the elevated pole increaſes, this 

3; | middle point of time precedes noon, otherwiſe it falls beyond. 


7 
DEMonsTRATION. 


| TY Jt v be the pole of the equator bd, 2 the 
| | zenith, A the morning place, Cc the after- 
noon place, ABD a parallel of declination, 
| . ABC a parallel of altitude. 
| Then the afternoon hour angle, zre, 5 


| | differs from the morning hour angle, ZPA, 
| 


by the hour angle Bye, the points A and Sie 
| y having the ſame declination and diſtance from the zenith ; ; and the arc 8 
| | | P 0 biſeCting the Be, the CZ Po will be half the interval of time, which 
| 1 
| 
| 


being increaſed or diminiſhed by half the C Byc, will give the poſition of 
the meridian to A or c; alſo po will be the Sun's diſtance from the pole 
at noon. by 
+ Now here the difference bete een PB, Po, PC, being but ſmall, the Z po | 
will be to the difference between Po and ps, or e, that is, half PB rare, 
nearly as F, Poz to , yo *. 1 
Again, 1 in the triangle pz, an arc M being taken, that as rad, 55 P 
2 Ez: t, u the arc M to be leſs than a quadrant, when the J Zo 
is acute, but greater, ſhould the 4 zpo be obtuſe ; then (IV. 1231 


„O M: „M:: , oz: z po, and Ons WO 3 
4 P OM XI PO , MN "MT | 1 Sg 5 | 
| PB © PC. 8 


But L BPO: = 


PBOPC. © - | Os fed 5 
therefore bro: : uy 12 „ PO CM © xf\220 : MX , re, conformably 
to the rule above laid down. VVU»PVMP Le | 
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its rate of going may be corrected accordingly.) 


— 


e. 
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In the latitude 50 N. on the 27th of October, 1780; the Sun was ob- 


ſerved to have equal altitudes at 9 h. II m. 50 8. A. M. and at 2 h. 22m. 
22 8. P. M. by a clock adjuſted nearly to the true meaſure of time, to find 


what correction may be wanted to ſet this clock to the true hour of the 
day, the Sun's diſtance from the pole on the 27th day at noon being 1037 


6% 34% and on the 28th 103? 26” 38“. 2 
Heere the interval of time is 5 h. 10 m. 328. its half is 2 h. 35 m. 16s. 
in degrees and minutes of the equator 38 49% and the difference in de- 

- clination in one day is 20“ 4”. F 8 e | 
Then 24h.: 5h, 10m. 32 8. ::20 4” : 4' 20/0 g 2600“, the alteration = 
in declination, the half of which is 2' 10/0 = 130“. | 


— 


Then | | . . 
Latitude 50 log. „ 9$,02381f 3 0 3 Ln, 0526185 
T time 39* 49 log. 5", 9,89162| 103 06 34 L's, 0, 01147 


— — 569 56 o2 log. s, 9.97280 


33e 10, 32” log. 2, 9,81543] 38 49 log. “, 1,9447 


—— 130”. log. 2,11394 
- Corr. ==285” log. 2345453 


or 19 ſec. of time. 


Hence, for ſetting the clock to the true hour of the day, add the half ; 


interval of time 2 h. 35 m. 168. to q h. 11 m. 50s.; the ſum 11h. 47 m. 


68. is the middle time between the obſervations, as noted by the clock, - 


And 11h. 47 m. 68. 19 8. 2 11 h. 47m. 25s. will be the time 
pointed out by the clock, when the Sun paſſes the meridian, and ſhews 
the clock to be 12 m. 35 8. behind the Sun. | 


— 


Though the clock ſhould not keep time with perfect exactneſs, yet if 
the deviation is but ſmall, the correction computed will not differ much 


from the truth ; and the clock being examined again within a few days, 
will ſhew whether it keeps time truly, or moves too faſt or too ſlow, and 


| 2185. The method here directed ſuppoſes the ſhip to be ſtationary: But 
the Abbẽ de la Caille propoſes a method of correcting a watch at ſea, even 


while the ſhip is in motion, by taking two equal altitudes of the Sun with 
a quadrant, one before and the other after noon. Fo 
His method is this: With the common altitude obſerved, together 


with the latitudes at the time of each obſervation, and the Sun's correct 


| declination to thoſe times, the times from noon are to be computed at both 


obſervations, which times being applied to the two times of obſervation, 


give the reſpective times of noon : then the mean of the two noons being 


taken, will give the time ſhewn by the watch when it was the true mid- 


ay. FE © A | | 
Or: Half the difference of the computed noons being applied to either 
- of them, will alſo give the true time of noon. | 


And although the latitudes uſed in the computations be ſomething er- 


roneous, yet the altitudes being equal, the error in each of the computed. 


diſtances from noon will be nearly the ſame, if the change in latitude and 


longitude between the obſervations be duly attended to. 7 


— 


219. © Of the Vernier s dividing Plate. | 
When the relative unit of any line is to be divided into many ſmall | 
equal parts, thoſe parts _ be too many to be conveniently introduced, 
or if introduced, they may be too cloſe to one another to be readily efti- 
mated ; and on theſe accounts there has been a variety of methods con- 
trived for eſtimating the aliquot parts of the ſmall diviſions, into which 
| | the relative unit of a line may be commodiouſly divided; among thoſe 
= | e that is moſt juſtly preferred, which was fate by PETER 


| V ERNIER (a gentleman of Franche Comte) at Bruſſels, in the year 

| 1631; and which, by ſome ſtrange fatality, is moſt unjuſtly, although 
|  Tommonly, called by the name of Nox ius: for Nonius's method is not 1 

only very different from that of Yernier*s, but much leſs convenient, = © 
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Vernier“s method is derived from the fallmwing principle. 

If two equal 1 * lines, or circular arcs A, B, are ſo divided, that the 
number of equal diviſions in s is one leſs than the number of equal divi- - 
ſions of A; then will the exceſs of one diviſion of B above one diviſion of 
A, be compounded of the ratios of one of A to A, and one of BroB, 


2 — 
ll. | 


For let A contain 11 parts; then one of A to 4, is as 1 to 11; or 
142 0 Lg : | . 1 4 : . 85 Wo 3 TY | 11. | 


— 


| 

Le“ » contain 10 parts; then one of u to , is a51 to 10 3 or 

| SRD, Ns | br og 
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Or: If n contains u parts, and A is of n+ 1 parts; 


X I © | by | I 8 . bs 


And == 8 — — — Yor (II. 148) hs > = 
ON MON n+1 . n K n+1 K7 „ ny 1” 4 n+ 8 
1 FC ; e | 
| — }— x — _ . | 
—=) e | F 
Ot thus: Let 4 and n be unequal right lines, or circular arcs ; and 
let any part of A, conſidered as the relative unit, be divided into 7 
parts; and a part of B, equal to m + 1 parts of A, be divided into m 


* ps A 1 3 1 HF 
parts: then will = th of BD th of A = mh of zx ch ef a; 
: W 1 ii % 52 In 8 ' : n- - : m | | n | *. 


N k Þ , P =, | f 4 35 mn - 1 ha ES 
But u parts of A: I unit of A:: mn + fx parts of A: —.— units of A, 
. 5 
ET units of a, 
9 . TX 
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1 1 . 
TTC 


- 


But m parts of B =(m+1 parts of a =) 


Therefore 


* 
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2 Ja$1 axr_a+-n__ I. 
Therefore —_— 3 = =) 
| MN u m nN ‚, men n m 
„ | 

m n 


The moſt commedi ous divifions, and their aliquot parts, into which 
the degrees on the circular limb of an inſtrument may be ſuppoſed to be 


divided, depend on the radius of that inſtrumeat. 


Let R be the radius of a cirele in inches; and a degree to be divided | 
in # parts, each degree being th of an inch. 


Now the circumference of a circle in parts of its diameter, 2R inches, 


is 3,1415926x 2 inches. 155 (I. 197) 
Then 3600 31415926 * R:: 10 2478288 * 2R inches. 


300 


Or, 0501745379 XR is the tength of one degree 1n inches, 


Or, 0,01745379xR XP is the length of 15, in pth parts of an inch. 
But as every degree contains x times ſuch parts, 
Therefore n, 1745379 XR XP. 


The maſt commodious perceptible diviſion on is. J- 0 . 5 of an inch. 


Exan. Suppoſe an inſtrument of 30 inches . Into haw many con- 
venient parts may each degree be divided? How many of thoſe parts are to go 
to the breadth of the Vernier, and ta what parts of a 2 me an ye va- 


tion be made by that inſlrument © 


Now o, 01745 KR =0,5236 des the Won of each degree. 
And if p be ſuppoſed about : of an inch for one diviſion, 


Then o, 5236 X b 4,188, ſhews the number of ſuch parts in a a degree.” 


- And let the breadth of the Yernier contain 37 of thoſe parts, or 740, and 


But as this number muſt be an integer, let it be 4, each being 150 


be divided into * parts. 


r — 
18 


l 
Here #= * mg=; then „ L= of a degree, or 30“. 


22 4 5 LTD 
Which i is the leaſt part of a 705 that inſtrument can ſhew. 
60 


of a minute, or 20%. 


1 a and m =; then x i= 
I 36 5 36 5x36 


220. The following table, taken as 5 in 00 inſtruments 
commonly made from 3 inches to 8 feet radius, ſhews the diviſions of 
the limb to neareſt tenths of inches, ſo as to be an aliquot of 60's, and 
what parts of a degree may be eſtimated by the Vernier, it being divided 
152 ſuch equal Parts, and containing ſuch degrees, as their columns 

SW. | 


. 
rr aa rr rms 0 A 


T4 "MAG * 


E. 
n 


: 
E 


* 
4 
q 


— — 
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| ; « Sr e 574 a "$79 G agen Y — — - * 
R ad. Parts in| Parts in | Breadth | Parts || Rad. | Parts in | Parts in |Breadth| Parts | 
: inches| 2 deg | Vernier. | of Ver. obſeryed. inches] a deg. | Vernier of Ver, | obſerved. F , 
r © vor Fraeecrte A een — — — — 5 | 
„ CESS [79% 0) 1 
VVV 
92 |. 20 | 104 | 130 42 8 30 | 37 15 
[7128/2 : | 244 124 vis 81 9 | 40 | 43 oO 10 || 
16 3 20 64 | 1 0 5-4 ©4309 5-46 3 © 10 4 
| 18 3 30 104 0 40 72 12 30 272 010 1 
1 VVT. $4 0-30- 8 1 J 
E ot loxg|gol is t eo [4 lo sf  |B 
By altering the number of diviſions, either in the degrees or in the 
Vernier, or in both, an angle can be obſerved to a different degree of 
accuracy, Thus to a radius of 30 inches, if a degree be divided into 


12 parts, each being five minutes, and the breadth of the Vernier be 
21 ſuch parts, or 14% and divided into 20 parts; then — x — = — 
a b ö 5 . „ 33 240 


5 215%; or taking the breadth of the Vernier of 27, and divided inta 
| 2 | | 1 I En PEEL? Os 0 
j o parts; then. = r or 10%: Or & = £61 

* — V wy” 
| | where the breadth of the Vernier is 4416. c he 

| | | Y 

| VVV 

1 TE, Practical Aftronomy. ' © : 


The ELEMENTS of the EaxTn's Morro. 


221. By the theory of the Sun, or Earth, is meant the knowledge of 
all the requiſites, or elements, neceſſary for determining its place in the 
ecliptic at any propoſed time. | e DIS Je IND 1's 

222. MEAN Mor io, or Mean AnGULaR VELociTY, is a motion 
made uniformly in the circumference of a circle, the center of motion 


being the center of that circle. 70 5 | | 
The mean motion of a planet is the degree and parts ſhewing its 


_ diſtance from the firſt point of Aries, reckoned in the order of the- = 


223, ANOMALY, or TRUE ANOMALY, is an angle made by two lines 
drawn from the center of motion, one to the Aphelion, or Apogee, and 
: the other to the place of the revolving body, or planet: Or, ANomALY 
is the angular diſtance of a planet from its Aphelion, the angular point 
being the center of motion. | 4 r 


224. MEAN ANOMALY is that made by an uniform citcular motion 
about the cgnter, and is the ſame as mean motion, beginning at the 


N 
4 
1 
x py 
Aphelion. 4 
: 2 P Cc 10 0 : "BE 
. » * 1 F . s ” / . 1 + 
: 2 E * 
Þ : by \, T.3 
& ©. 4 * 1 
; 2 5 Yu 97 
* ! 
= Sy » : N 
4 +. ** 
= 
20'S 
— 5 
1 
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* 
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225. EccEnTRIC ANOMALY Is an angular diſtance from the aphelion, 
determined in a circle on the tranſverſe axis by a normal to that axisy 
paſſing through the planet's place in its elliptical orbit. | 


226. The EQUATION oF THE CENTER, ſometimes called the preſtha- 


pherefis, is the diſtance between the mean and true anomalies. 5 
227. The motion of the equinoxes is the ſame as the preceſſen of the egui- 


nores, which is backward, or contrary to the order of the ſigns; by which 


the {ſtars appear to have advanced forward from the -equinoctial point 


Aries: this motion is about 50 ſeconds of a degree in a year. 48 
228. The motion of the apſides is a low motion of the Earth's orbit 


around the Sun in the order of the ſigns; diſcovered by the apogeon chang- 


p e place among the fixed ſtars: this motion is found, by comparing 
di 


reſpect to the equinoxes. 


229. A TRopICAL or Sol AR YEAR is the time elapſed between two 
ſucceſſive paſſages of the Sun through the ſame equinoctial or ſolſtitial 


points of the ecliptie. 


230. A SIDERIAL YEAR is the time the Sun takes between his depar= 


ture from any fixed ſtar to his next return to that ſtar. 


þ . * 


ſucceeding paſſages of the Sun through the ſame apſis. 


231. An ANOMALASTIC. YEAR is the interval of time between two 


232. By the annexed figure the foregoing ar- 
ticles may be eaſily comprehended, | 
On the line of the apſides Ap deſcribe a circle 
ADP, called the excentric; and an ellipſis 
AE for the Earth's orbit, having the excen- BY 
tricity CS. | 2 


Let s be the place of the Sun, ©-the center of 
the orbit, A the aphelion, p the perihelion; 
SA the aphelion, or apogeon diſtance; sP the 
rigen anke 20 95981 
Let E be a true place of the earth in its orbit; 
Da correſponding place in the eccentric, in 
FE continued, normal to ar. Wo 
Let the L Ac repreſent the mean anomaly ; 
the C ACD is the eccentric anomaly ;z and the + 
* AASB is the true anomaly ;z the difference 
between 4 ACB and L. Ask is the equation of 
the center, | LESS 


— 


When the Earth is in the apſides, then B; and E fall together in A and P, 


and here, is no equation of the center, the mean and true anomalies being 


is at its mean diſtance from the Sun. ; 


equal; but the greateſt equation of the center muſt be, when the Earth 


233. Obſervations ſhew, that in this age the Earth paſſes the apogee 
, wh //; and paſſes the 

perigee on the 3oth of December, when the daily motion is 61/ 12//: and 

js at the mean diſtance about the 28th of March and 3oth of September, 


234 PRO. 


on che 3oth of June, when its daily motion is 57/ 12 


” oy 
- 


- hen its daily motion is 59/ 8%, 


\\ + 


nt obſervations together, to be about 16 ſeconds of a degree in a year, 
in reſpe& to the fixed ſtars; and about 66 ſeconds (=50+ 16”) with 


| 
: 
& 


For a ſtar is equally distant Trom * in its revo- X. 
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* 
” Ra - "4 > * 


0 * r 
| 75 nd the Latitude of a Place. | 


Sen re Select a ſtar, the diſtance of which from the pole ſtar does. 
not exceed 8 or 10 degrees; and obſerve with a quadtant the greateſt and 
leaſt meridional altitudes; en (71 

If both obſervations are on the ſame TY of the zenith; 


o 


: Half the ſum of the alts. is the latitude, on the ſame fide of the nich. 


If the obſervations are on different ſides of the zenith; 

Half the difference of the altitudes is the co-latitude, c on the ſame ide of 
the zenith, with the leſſer altitude, 

For let #zR be the meridian, AR the horizon, 
2 the zenith, RB, RA, two altitudes on the fame 
| fide” of the zenith; Hö, Ra, two altitudes on = ah 
© contrary fides of the zenith, . 

Then, the arc AB, or ab, being biſeQted, wil . 
give P the poſition of the elevated pole. 


lution; 


Therefore PA E; or romrb; 3 and RP 2 2 25 


* 


to the latitude. 


2RA 254 ww + nA + AB: = RA-+ RB 
as (eee e eee) not ns 
Hene RA + PAD - . a A W 
| | 5 214 77 ug 26+ Ra + ab RPb + Ra 
| And RP _ (ﬆ + * 9 2 88 e * 4 
i» OTE RA — Hb Re. 
DET” Lad iſ == ” EP. 798 


35 


235. \Remanks. I. « There will be about 12 2 hours between the two. 
obſervations. 


2. This method is ſubject to a ſmall error, on account of the leſſer al- 
titude being more 3 by ep than the ee 


\ 


ͥ:5 EEO MALE 
Los WR ge 75 find the Obliquity of the Etliptic 8 | 


SoLuTION. Let the meridian altitude of the Sun's center be . 
on the days of the ſummer and winter ſolſtice; the difference of thoſe 


altitudes will be the diſtance of the tropics ; and half that diſtance will 
ſhew the obliquity of the ecliptic. 


OR : The meridian altitude at the 8 folſtice, leſſened by the co- 


; hw of the place, will give the obliquity of the ecliptic. 


From 8 obſervations the obliquity of the ecliptic, about the time of 
the vernal equinox 1772, was found to be 23 287, | 

Diſtant obſervations compared together, ſhew that the obliquity i is de- 
n at the rate of avout one minute in 120 years, 


DAT 359 237. REMARK. 


— 


4 * 
at OS , 8 
8 30/4 2 2 
A He 3 * 3 Bt 
* 
1 


wiſe, of a contrary name with the latitude. 


the places of the Sun at the times of obſerva- 
tion; the arcs AD, BF, co, the e 5 
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237. REMARK. By the ſecond method the declinations of the fixed 
ae or oß any other celeſtial phenomenon, may be found ; obſerving that - 
their declination is of the ſame name, v7z. north or ſouth, with the lati- 
tude of the place, when its complement is leſs than the altitude ; * 


fp PROBLEM LVnI. 


To find the Time of an Equinox, „ 
* $oLUTION, In a place the latitude of which is known, let the Sun- s 


5 meridian altitude be taken on the day of the equinox, and on the day pre- 
ceding, and that following it. Then the difference between thoſe alti- 


tudes and the co- latitude will be the Sun's declinations at the times of 


© obſeryations. (236) 


If either of the altitudes is equal to the co-latitude, that obſervation was 


made at the time of the equinox. 


But if the co-latitude is unequal to either of the —_— 615 75 thus: 
Let po repreſent the equator ;-AC the ecliptic, 
E the equinoctial point; the points, A, B, C, 


declinations. 

Now uſing either the two firſt, or two laſt 
obſervations, ſuppoſe the latter, in the right- 
angled ſpherical triangles CEO, BET, in which 


there are known the obliquity of the ecliptic, and the Sections 1 ; find 


EC, EB; then ge, the ſum or difference of EC, EB, is the 1 arc de- 


ſcribed in 24 hours. Then ſay, 


As BC to BE, ſo 24 hours for Bc, to the time correſpondin to Br. 


And this time ſhews the diſtance of the I our the time of the 


middle obſervation, . | 


239- PROBLEM LIX. 


To find the Length of the tropical, pertodical, and anomal; nice Revolutions 
of the Earth. 


$SoLuT1oN. Let two obſervations be choſen, among the moſt E HR 8 
of thoſe on record, of the time when the Sun had like poſitions, Vie 
In regard to his longitude, or place in the ecliptic. 
2d. In regard to the right aſcenſion of ſome noted ſtar. 
30 In reſpect to the line of the apſides. 


e greater the interval (ſuppoſe 80 or 100 years) between each tro 


era r the more accurate will be the reſult: then that interval 


eing divided by the number of revolutions made during that 3 r 
give the time of one periodical revolution. 


According to Mayer's tables the numbers are theſe, 


A tropical year is made in 3650 50 48* 42˙. 
A periodical, or ſiderial revolution 365 6 ET a8 


An anomaliſtic revolution {64 2/4. 7009-6 238 29. 
9 „ 240. REMARKS. 


meridian; the difference of theſe times is their difference of right 


— 


— 


| e ö . 7 5 1 * ; . 1 7 We. 4 5 12 * of, 4 
„„ eee Book v. 
240. REMAREs. 1ſt, The tropical year being ſhorter than the ſiderial 
by 20 m. 25 s., ſhews that the Sun has returned to the ſame point of the 
ecliptic, before he has made one complete revolution with regard to the 


ſtars; and confequently every point of the ecliptic muſt have moved in 
antecedentia during that tropical period, and fo have produced what is 
called the preceſſion of the equinoxes. | | 


Now 365d. Gh. ꝙm. 758. : 360® : : 20m. 258: 50% 33 or nearly 50% | 


for the preceſſion in one year. 


If there was no preceſſion, the tropical and fiderial years would be 


3 A ſiderial revolution being performed ſooner by 6m. 22 8. than 
the anomaliſtic, ſhews that the line of the apſides has a motion in conſe- 
guentia : now 365d. 15h. 29m. : 360? :: 6m. 228. : 15%, the yearly 
_ quantity by which the Sun's apogee is advanced in reſpect to the ſtars: 
and as the equinoxes move in antecedentia, and the apſides in conſequentia, 
their ſum 66” (=50,3+15,7) ſhews the motion of the apſides from the 


OY 


„ 


242. 3d, From the compariſon of many obſervations it appears, that 
the length of the ſolar year, deduced from two very diſtant obſervations 


made at the time when the- Sun was in the ſame point of the ecliptic 
8 ng apogee, differs by many ſeconds from the length of the year de- 


uced by like obſervations, when the Sun was in another part of the 
ecliptic, near its perigee ; thoſe made near the apogee giving the revo- 
lutions leſs, and thoſe/rhade near the perigee making them greater, than 
the revolutions deduced from obſervations taken at the Sun's. mean dif- 
tance ; tbis alſo ſhews, that the line of the apſides has a motion in confe- 


quentia ; and that the length of a tropical revolution ſhould be deter- 


: 
4 


mined from very diſtant obſeryations, made at the times when the Sun is 


at its mean diſtance from the Earth; or that the mean revolution ſhould be 
taken between thoſe deduced from obſervations made on the Sun's place, 


when he is in both the apogee and perigee. 


„„. PROBLEM Lx. 


LE, 


* 


To find the F Aſcenfion of ſome noted fixed Star. 5 
| Having a good clock well regulated to mean or equal time, a large 
aſtronomical quadrant fixed in the plane of the meridian, and an equal 


the vernal equinox, when the daily alteration of the Sun's declination 


by equal altituds find the times when both Sun and ſtar come to the 
al- 


r 


cenſion. 


Again: At ſome time a little after or before the autumnal equinox, be- 
fore the Sun has paſſed the ſaid declination, obſerve his meridian altitude; 
and by equal altitudes find the times of the Sun and ſame ſtar's coming to 
the meridian, the difference of thoſe times is alſo the difference of their 


Py 


right aſcenſions, 


If the vernal and autumnal meridian altitudes are the fame, then 


altitude or tranſit inſtrument: then, on ſome day a little before or after 


is about 18 or 20 minutes, obſerve the Sun's meridian altitude; and 


thoſe obſervations were made, when the Sun was en the ſame pres 


— 
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of declination : now the ſum, or diff. of the two obſerved differenc es o 


right aſcenſion, ſhews the equatorial arc deſcribed by the Sun between 
thoſe times; which are, being biſected, ſhews the diſtance of the neareſt 


ſolſtice from the Sun, at the time when the obſervations have equal alti- 


tudes; and that diſtance corrected and taken from 90, ſhews the Sun's 
Tight aſcenſion at the vernal obſervation, or its complement to- 360 de- 
grees. 8 | 5 5 


From hence, and the firſt difference of right aſcenſion between the Sun 


and ſtar, the ſtar's right aſcenſion will be obtained. 1 7h 
2244. If the two meridian altitudes of the Sun are not the ſame, their 


difference ſhews the difference of the mid-day declinations, when thoſe 


obſervations were taken: now from ſome tables of right aſcenſion and 
_ declination take the Sun's daily alteration in declination and right aſcen- 


fion on the day the leſſer altitude was taken; then ſay, As the daily change 
of decl. is to that + right aſcen.; ſo is the diff, of the altitudes, to the cor- 


rection in right aſcenſion. © 


This correction being added to the vernal, or ſubtracted from the au- | 
tumnal difference of right aſcenſion, as either is leaſt, reduces that dif- 


ference of right aſcenſion to what it would be when the declination is the 


ſame with the other; and then the difference between thoſe two dif- 
ferences of right aſcenſion, ſo reduced, gives the equatorial arc, as before 


8 recited. 5 


245 At the Royal Obſervatory at Greenwich, in the year 1770, ab- 


ſervations were made on the Sun and the ſtar a Aquilæ. 


March 15, Sun's mer. zen. diſt. cleared of refraction and parallax, was 


$3? 28/ 29/7; and their diff. of rt. aſc. was 600 30/ 7, 8“. | 
Sept. 28th. Sun's mer. zen. diſt. cleared of refraction and parallax, was 
33 3&/ 20/; and their diff. of rt. aſc. was 109% 597 22,87. 
Then 7/ 57% is the diff. of zen. diſts, or the alteration in declination. 


Alſo 23 40“ and (3 39 er) 547 45” are the diffs. of decl. and rt. aſc. 


between the 15th and 16th days of March 1770. 


Now 23' 4%: 7' 57” :: 54 45” : 18/ 23,5/ the increaſe of the dif- 


ference of right aſcenſion after the noon of the 15th of March. | 
Then 60 3o/ 07,8//—18/ 23,57=609 11' 44,7” which is the firſt diff. rt. 
aſc. when the Sun had the ſame decl. as at the ſecond obſervation. _ 
Here, the times of the two obſervations fall neareſt the winter ſolſtice. 


Then 0 11 44,37 + 109? 59/ 22,87 =170? 11/ //; its half 85 5 33,5 


is the diſtance of the winter ſolſtice from the Sun. 


Hence 270%+85* 5' 33,5” +18/ 24,5 =355* 23 57 is the Sun's rt. 
| aſc. on March 15th. ; | F i 


Alſo 228. 23 '57//—60* 30“ 7,8“ 2294 53/ 49527 is the rt. at of K 


„ The right aſeenſion of one ſtar being known, the right Mn. 
ſions of all the reſt are found by noting the times ſhewn by the clock, 


when thoſe ſtars come to the meridian : for the differences of thoſe times, 


from the tranſit of the choſen ſtar, are the differences of right aſcenſion 

by which the right aſcenſion of all the obſerved ſtars will be known ; 
taking care to augment or diminiſh the right aſcenſion of the choſen ſtar 
by thoſe differences, according as the choſen ſtar is preceded, or followed 
by the other obſerved ſtars. | 


—ͤ— 


. 248. "PROBLEM LXII. 
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. PROBL E N LxI. 


7 find the Sun's Place. 


EP Let the time be obſerved both when the Sun, and a ſtar 
{che right aſcenſion of which is known) paſſed the meridian, and hence the 


_ Sun's right aſcenſion is well known, 


With that right aſcenſion, and the obliquity of the ecliptic, compute 


£143). the nn and thus his mag in the ecliptic will be known. 


Te find the greatet Equation of the Center. 


| | SoruTION. At the times when the Sun is near his mean diſtance, let | 
bis longitude be found ; their Adee will ew an true motion for | 
that interval of time. 

Find alſo the Sun's mean motion bs that tract of time. 

Then half the difference between the true and mean motions will bew 
the greateſt equation of the center. 


Obſervation made at the Royal Obſervatory at Greenwich, ſhews that 


1769 October 1ſt. at 23" 40 12* mean time, © long. was 6* 9 32/ o, % 


1770 March 29th. at © 4 50 mean time, © long. was o 8 50 27,5. 


The diff. of time 178d. 2 15 383 True diff. long. 5 29 18 27 
The tropical year 2 305d. 5h. 1 m. 428. = 365,2421527 
Te obſerved interval 178 38 = 178, 01085048. 


Then LY 552421527: 178,0108 $648 2 360 175,455948 mean motion. 
80 175* 27 21“ of mean motion, anſwers to 179 18 27“ true motion. 


Their diff. 3 51” 6%; its half 1* 55/ 33“ is the greateſt equation, of the 
center W to thele obſervations. 


249. PROBLEM IXIB 


To find the Eccentricity of the Earth's Orbit. 


| SoLuTION. Say, As the diameter of a circle in degrees, 
© To the diameter in equal parts; 


So the greateſt equation of the center in degrees, 
To the eccentricity in equal parts. 


4 f 


The 2 equation of the center 1* 55, 33/2 1%,92 58333, Sc. 


The diam. of Soya AY I, its circumf. 1s 2,141 5926, (I. 197) | 


Then 3,1415926 : 360 £ 114% 5915609 equal to the diameter. 


And 114, 59 1609: 8 Sc.: : 1,9258333: 0, 168061 the eccentricity. 


Hence 1,016806 (=1,000000 +0,016806) =aphelion diſtance. 


And 05983194 (2 n = en diſtance. 


SR 250, PR O- 


. 
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250. J 
To find the Time and Place of the Sun's Apogee. 


SOLUTION. On each day of two ſucceſſive apſides let the Sur? O place 
and the time be obſerved. 

Then if the interval of thoſe times and places is equal to the halves of 
365 d. 6h. 15 m. 298. and 360? 1“ 67%; thoſe oblepvations were made 
when the Sun was in the apſides. a= | 

For ſuch intervals of time and place delond to no other points of the 


_- Earth's orbit. 


But if thoſe obſerved intervals of time and place differ from: the ſaid 
halves, take the difference between the interval of place and 180? o/ 27”. 

Then to the daily motion of the Sun's apogee (233), the ſaid diff. and 
24 h. find the proportional time; which proportional time and difference, 
being applied to the time and places of the apogeon obſervation, gives a 


time and place when it is 180? 0,33“ diſtant from the obſerved perigeon 


place: now if the interval of theſe times is equal to 182 d. 188 h. 7 m. 
44 Z 8. the times and places of the apſides are known. ; 
But if the interval of time differs from 182 d. 15h. 7m. 141 5. ſay, 


As the di ff. between the perigeon and the apegeon daily motions, is to the daily 
motion of the apogee; ſo is the diff. of the interval of time, to a ſecond cor- 
rection of the time of thegpogee. 


This correction applied to the apogeon time, corrected AS above, will 
ive the true time of the Sun's apogee. 1 11 AE) 
Alſo, to the laſt correction of time find the pro rener motion of the 


Sun's apogee ; ; and apply it to the laſt corrected place of the als. 2 and 


the true place of the apogee will be obtained. 
| By odſeriitibns e at the Royal Obſervatory at Greenwich in the 
year 1769; . 
July iſt, at of Zu 208 mean time O long. =3* 9? 46" 38, off 
ecember 29th. at o 2 4 49 mean time © long. =9g 5 10 58r 


Interval 180 d. 23 59 29 Interval of place =5 28. 24 19,6 
The Sun's motion in half an anomaliſtic year e 


The Sun's place at firſt obſervation'! is too forward by I. 36 13,4 


Then 57” 12”: 1* 36“ 13,4“ ©: 24 h.: 40 h. 22 m. 24 8. to be taken from 
the time of July 1ſt, to Aae the diſtance of the times anſwer to the half 
of 360* 1' 6”; * it leaves June 29d. 7 h. 40 m. 568.; at which time, 
the Sun was in 3* 810% 2,1% which is diſtant from the December ob- 


ſervation by 180? of 33“: But here the interval of time is 182 d. 16 h. 
21 m. 538.3 which is greater than 182 d. 15h. 7 m. 44 2 s. the half ano- 


maliſti revolution, by, 1h. 14 m. 35.3. therefore the Sun has ſome time 
to run before he comes to the apo ee. 
Now 47/0“: 57 12“/:: th. 1m. 3 17h. 13m. 148. correction of time. 
And 24 h.: 17 b. 13m. 145. :: 57 155 42 6,8 “/. correction of place. 


Then June 29 d. 7h. 4m. 56 8. ＋ 17 h. 13 m. 148. gives 


June zo d. Oh. 21 m. 10 8. for the time of the apogee. 


And 3“ 8B 207; 25,1 * 65,8 "FE 3* 8 52“ 33” for the place of the 


apogee, 
$ 251. PR O- 


— 


Ry 


„ PROBLEM, IV. 
| | At any given time to find the Sun' s mean Anomaly. 


| $oLUTION. Let an epocha of the Sun's paſſage aue its aphelion be be 
: e determined. Then ſay ,: | | 
As the time of a tropical revolution, or ſolar year, 

To the interval between the aphelion and given time; 
So is 360 degrees, 
To the degrees ſhewing the mean anomaly. | 

Or: From the tables of mean motions find the Sun” s mean motion bor 
_ the given time, and ns. will be the mean . 


\ £ . | 


2 52. If the Sun's. motion in the ecliptic was perm. his true 2 for 
any time could be found by the tables of his mean motion; but the Sun's 
longitude found by thoſe tables, called his mean longitude, muſt be cor- 
rected on account of his irregular motion. N 
As the Earth revolves in an elliptical orbit about the Sun, placed in in one 
of its foci, its angular motion round the Sun will differ from the angular 
motion it would have, were the Sun in the center of the elliplis. ö 

- Now the table of mean motions gives the angular motions from the 
center of the ellipſis in a circle deſcribed on the line of the apſides, and 
xeckoned from the firſt point ef Aries; this motion, leſſened by that of 
the apogee, gives the Sun's mean e or mean anomaly, from the 


apghelion point. 


But the _ of the Earth being in an elliptic orbit, its true ano- 
maly will differ from its mean; this difference, called the equation of 
the center, is the correction wanted to reduce ag mean motions to, the 
rue ones  — - ALY | | 8 


. To find the equation of the 8 or to ſolve ( PER is KOI 

| 65 ecteen problem, is the moſt difficult operation, particularly i in or- 
bits the eccentricity of which bears a conſiderable proportion to the mean 
diſtance: how to do this has been ſhewn by Newton, Gregory, Keil, 
La Caille, and many others, by methods little differing from one another : 8 


it conſiſts chiefly in finding an intermediate angle, An the eccentric 
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a. PROBLEM LXVI. 


 Thes un's mean renal being known, and the dimenſions ef i its Orbis, to . 
. the eccentric Hema?) +4 


| SOLUTION, 


24 1 
1 


- tance, 


| tance; ep Of 
Which arc added to 


For let ADB be the 


the center, the Sun, 


Then (II. 172) SH: SI ; ; 85: :50=(= 
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SOLUTION. 8275 9 
As the aphelion diſ- \ 


To the perihelion me | 


So is the tan. 3 the | 
mean anomaly, 
To the tan. of an are. 


half the mean anoma- B 
ly gives the eccentrio 
anomaly. 5 


eccentric, - 
AEP the Earth's orbit, 


A the aphelion, Þ the 
perihelion, E the true 
place, D the corre- 


0 ſponding place in the On | W 
ecentrie, and B be — ID \ W | | 
mean place. 1 RI ö 


Now it is evident, that the jeſs as detentricity is, the nearer will the 


elliptic orbit approach the eccentric circle ; the nearer will the true and 


mean places, E and B, approach one another; and the leſs will be the dif- 
ference between the mean, the eccentric, and the true anomalies ; alſo 


the nearer will the lines cb, sB, approach to paralleliſm, or coincidence : 
ſo that in orbits of ſmall eccentricities op and sg may be taken as pa- 
rallel lines, particularly in the Earth's orbit, where Cs is * about :! 80 


of cp. 


Therefore C ASE LA the eccentric anomaly. | | | 
5 Then! in the triangle ges, where the ſum of the ſides Bc + cs =sA; the Aff. 


of the ſides Bc—cg=8p, and 4BCs( ene of ACB) are known; 
the Z csB may be found. 115 (III. 48) 


Thus sA: s:: tan. f (ſum 2s, cap+p=) Lacs : tan. of an arc. 
Then | 2 Teen e aro g L CSB (Ii. 47) che eccentric anomaly. 


5 0 B L E N LxVII. 


The Cu un 's 5 eccentric * and the dimenſions of its Orbit being tnows, to 
, find the true Anomaly, _ 


$oLUTION. Say, As the ſquare root of the aphelion diſtance, 
| \ To the ſquare root of the perihelion diſtance, 
Bo tangent of half the eccentric anomaly, 
To tangent of half the true anomaly. _ 
For let a emiciacls be deſcribed from E through the other focus 95 


2 


cutting AP in , 1, and sx, ET} in G, H. 


$1 * 5s. $5 +5$1X'Ss 2CF X2Ch 
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© 


Aces 85 : 
S x 
T 

„57 ] ¾ reer 
But , Ass; — — K— 2 DX . 217) 
But I+S,ASE W GAY SA HZACDX 26 ( | 7) 

þ OE sr th3as8 

Then SA Kitten t. Ur 8A” HSACD _- OR, 


: /s8P AAS R 3 | . ** 7 


| * from the perihelion to the aphelion, or in the laſt fix ſigns of anomaly. 


_ anomaly, or the external E AC, exceeds the 2. ASE, the true anomaly, by 


Or cr x cs=f486=)i88—Zes3 Ca (ASE A Is) being radius, and=1. 
Therefore SE (ISN (III. 47)=)1+cs x, acer. III. 9) 

| 1 $F_\ 8C+$S,ACD 
SE A1+8C x $S,ACD” 

5 | | . . x. SCSTAED * -- SC+S,ACD 

Then1+$S,Aas8: 1—-SAS E: 14 # noi een Phe. . 
en 14 9. SE: I ga 9 I-FSCXS,ACD 'I+5sC X SACD WP 
: I—S,ASE 1 AD -s -A? e 
1 „As TSA DTS Ae? 


Again. In A SFE. As sR: R:: 87 55 4 = 


—I—$c+8C XL, ACD=—S,ACD' 
,_ --, "I+8C+8CX$,ACD+3,acD th ; 
s FIN, ac p- SP—S,ACDXSP | 


Oo SA+CTSþH1XSACD SAFS,ACDXSAY 


AHA 8 77 


256. REMARK. The c L Aces OL ASE (II. 95), is the equation 
of the center, to be applied to the mean anomaly ; and is ſubtractive from the 
aphelion to the perihelion, or in the firſt fix 477 of anomaly ; and additive 


For the lines CB, SE; Ch, SE, which coincide in 84A, $P, will in every 
other poſition croſs one another; in Q while revolving from A to r, and 
CY Py - F . * - 
in q while revolving from Þ to A: in the firſt half revolution, the mean 


the . cs (II. g6) : in the latter half, the true anomaly, or external 
£ P8az.exceeds the mean anomaly, or cb, by the £590. 
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5 called April the gth, at 17k. 


a fiderial day, viz. 59 8”, reduced to time (132), gives 3 m. 568.3 
45 / 


x 


r. ASTRONOMY, im 


* 


8 * 
£ - © 


E CT ION IK 
Practical Aſtronomy. 

Oft che E dUAT TON of TIME. 4 

25%. Time, which of itſelf flows uy, has its parts meaſured by 


5 


the motion of ſome viſible object; and the Sun being the moſt conſpi- 
cCuous moving object in the heavens, its motion has been choſen as the 
moſt proper meaſure of the parts of time, as well for the day, as for the 
year. Jae a e 


258. The aftronomical day, at any place, begins when the Sun's 


center is on the meridian of that place; and is divided into 24 hours, 


reckoned in a numeral ſucceſſion from 1 to 24: the firſt 12 are ſome- 
times diſtinguiſhed by the mark P. M. ſignifying pot meridiem, or after- 


noon; and the latter 12 are marked A. M. ſignifying ante meridiem, or 


before noon: but aſtronomers generally reckon through the 24 hours, 


from noon to noon; and what is by the civil, or common way of reckon- 


ing, called morning hours, is by aſtronomers reckoned in the ſucceſſion 
from 12, or midnight, to 24 hours. : | | 75 
Thus 5 o'clock in the morning of April the 1oth, is by 


aſtronomers | 


259. The Sur's daily motion in lengitude is the arc of the ecliptic run 


through in that day; and his daily motion in right aſcenſjon is the corre- 


ſponding arc of the equator; and the mean daily motion in either circle is 


meaſured by 59/ 8” nearly. For 365d. : 1 d.: : 360®: 59/ 8”. 


55 260. An ASTRONOMICAL or SOLAR DAY is the interval of time be- 
tween two ſucceſſive tranſits of the Sun's center over the ſame meri- 


_ Gian; and is meaſured by the ſum of the whole equator, and an arc of it 
equal to the daily motion in * aſcenſion. | 


For at the end of a diurnal rotation, which by obſervations is known 
to be uniform, the meridian has returned to the ſame ſtar, or point of the 
ecliptic, which it was againſt at the preceding noon ; but the Sun, during 


this rotation, has removed from that ſtar to another, which has a greater 


right aſcenſion: therefore, before the meridian can be again oppoſite to 
the Sun, ſo much of another rotation muſt be deſcribed, as is equal to 
the daily motion in right aſcenſion. . 5 | 


261. A SIDERIAL Dar is the interval between two ſucceſſive returns 


of the ſame meridian to the ſame fixed ſtar, is leſs than the ſolar day, and 


is meaſured by 360. a * | Fog 
262. A Mean or EQUATORIAL Day is the time elapſed between 
two ſucceſſive tranſits of the Sun over the meridian; and is meaſured by 
360? 59' 8” nearly. bY . 3 3: 
263. Mean or EqQuar. Time is that ſhewn.by a clock, whoſe 24 
hours meaſure the time which the Sun takes to deſcribe an equatorial arc 
equal to 360? 59 8“ nearly. „ | 5 ä 

264. The difference between the meaſures of a mean ſolar day and 
which ſhews, that a which * on the meridian with the Sun on 


one 


f 


392 ASTRONOMY. Book V. 
one noon, will return to that meridian 3 m. 56 s. before the next noon ; 
therefore a clock, which meaſures mean or equal days by 24 hours, will 
give 23 h. 56m, 4 8. for the length of a ſiderial day. | 

265. APPARENT or TRUug Tims, is that ſhewn by a ſun-dtal; 
where 24 hours, or a day, is meaſured by the ſum of 360®, and that day's 
motion in right aſcenſion, © 500 


266. The ſolar days are unequal to one another, for obſervations ſhew 
| that the Sun's daily motion in right aſcenſion is continually varying. 
The true and mean ſolar days are never equal, but when the Sun's 
daily motion in rignt aſcenſion is 5978“; which happens about February 
| - Yith, May 14th, July 26th, and November 1ft : at all other times the 
Wi lengths of the true and mean days differ. The accumulation of theſe dif- 
| _ ferences produces the equation of time; and ſometimes the apparent noon 
will precede the time of the mean noon, and ſometimes fall after it; their 
difference amounting to above 16 minutes at the beginning of November. 
267. The kquaTion of TIME is the difference between the times 


onda ſhewn by a clock and a ſun- dial; or between the mean and true noons; or 
between the Sun's ik i aſcenſion and his mean longitude when turncd 
into time at the rate of 157 to an hour. TOW 
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This difference ariſes on two accoints. Firſt, becauſe of the obli- 
Wl Auity of the ecliptic the daily motions in longitude and right aſcenſion are » 
Wl unequal, Secondly, becauſe of the unequal motion of the Earth in an 15 
1 elliptic orbit. 8 Fe 5 „ s 
|| In the firſt and third quadrants, or between the ſigns V S, <= V, the 
lo right aſcenſion being leſs than the longitude (140), or the mean motion 
taken in the equator; the point of right aſcenſion is to the weſt, and 
therefore the apparent noon precedes, or comes: in conſequentia to the 
meridian before the mean noon : but in the 2d and 4th quadrants, or be- 
tween the ſigns S 2, W V, the right aſcenſion being greater than the 
longitude or mean motion, taken in the equator, the mean noon is weſt- 
| ward, and therefore piecedes, or comes in conſeguentia to the meridian 
5 before the apparent noon. © _ EN e e 
| From the aphelion to the perihelion, or in the firſt fix ſigns of anomaly, 
the mean noon precedes the apparent; and in the laſt fix ſigns of ano- 
| maly the apparent noon precedes the true; their difference in either caſe 
wy is the equation of the center, which convert into time. F 
ny Now becauſe the points of Aries, and of the Sun's apogee, the places 
where the two parts of the equation of time commence, do conſtantly re- 
_ cede from one another; therefore the whole equation of time made up 
of thoſe two parts will ferve only for a few years, and requires to be cor- 
rected from time to time. 1 | VVV 
2568. To calculate the equation, or difference between the mean and appa- 
rent noons, for any propoſed day. e 2 „ [+ 
Find the mean and true anomalies for that time (255); their diffe- 
rence, or the equation of the center, is one part. . 
Tue true anomaly gives the Sun's longitude ; with which, and the 
_ obliquity of the etliptic, compute the right aſcenſion (139); the diffe- 
rence between the longitude and right aſcenſion gives the other part. 
The ſum or diff, of the two parts, turned into time, gives the equa- 


tion ſought. 3 
r 0 , | | SECTION 
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motion for one day oo 597 08“, c. 
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Practical Aftronomy. 


1 


2 To make SOLAR TABLES. | 
4, : I. Tables of the OOTY of the Sun. 5 ( 303, 30 70 
Divide 360 degrees by a ſolar revolution, the quotient ſhews the mean 


© Take the multiples of one day's motion from 1 to 365 for every day in 


8 -rthe year; and theſe properly diſpoſed, according to the month days, will 


give the mean motions fer every day of each month. _ (304) 
The 24th part of one day's motion will give that for one hour, and its 
multiples to 24 times will ſhew the mean motions anſwering to each hour: 
from hence, thoſe for the minutes of an hour, the ſeconds of a minute, 
&c, are eaſily obtained. _ 4 8 (303) 


The mean motion of a year of 365 days (vi. for the laſt of December) 
being doubled, tripled, and quadrupled, thoſe for 1, 2, 3, and 4 years 
will be obtained, adding one day's mean motion to the 4th year, it 
being leap-year, and containing 366 days: the motion for leap-year 
being increaſed by thoſe of 1, 2, 3, and leap-years, give thoſe for 5, 6, 
7, and 8 years: the mean motion for 8 years being increaſed by. thoſe 
for 1, 2, 3, and 4 years, give thoſe for 9, 10, 11, and 12 years: and 
thus increaling the mean motion for the laſt leap-year by thoſe of 1, 2, 3, 
and 4 years, the mean motions may be continued for any number of ab- 
ſolute years. 1 e | | (301) 


cu 270. In the following tables the numbers uſed were, 
Length of the year 355d. 5h, 48m. 5428. 
Vearly motion of the apogee, | e 
Place of the apogee, beginning the year 1760, 9 f ‚ „ 
Greateſt equation of the Earth's orbit, e { hh | 
22271. Now 365 d. 5 h. 48 m. 544 f. 365,2423003472 days. 
Then 365, 2423003472 d.: 360% : 1 d.: 0, 98 56470613 degrees. 
Hence the mean motion for 1 day =. O 0* 5g* 8” 19 45% 5% 50 


January sth. 3 days z 0 4 55 41 38 49 34 10 
23 30 30 days © 29 34 9. 52. 57. 25 0. 
March giſt .. 90 days 2 28 42 29 38 52 15 0 
| Jan 29th... 180 days= 5 27: 24 30 17 44. 30 0. 
ecember 26th 3560 days 211 24 49 58 35 2 90 
18 34 10, 


December 31ſt 365 days=11 29 45 40 14 


*% 


59% "ASTRONOMY. Bock v. 


Now 1 year's mean motion g 11.29 45 40%14“/ 1873 101, 


. 2 years | =11 29 31 20 28 37 8 20. 
, 3 years | _ =11.29 17 o 42 55 42 30. 
4, or leap year = 0 © 1 49 17 © 11 30g 3. K 1. 
5 years | =11 29 47 29 31 18 45 40=4y.+ly. 
6 years =11 29 33 9 45 37 19 50=4y-+2y. 
1 11 29 18 49 59 55 54 0=4y-+3)- 
8 years 3 = 0. 3 38 34 o 23 Oggy. & 2. 
20 years BB . o 0 9 6 25 © 57 30 4. & 5. 
Io years B .. = ©. © 45 32 5 4 47 JO=20y.X5, 


J = 0 735-20 $0. 47 55 - 0=2100y, X 10. 
Where 8 ſtands for biſſextile, or leap-year, 9 N 0 jt 98 


2272. But to find the mean motions for the years related to any par- 
ticular epocha, the mean motion for ſome particular time in that epocha 
muſt be known. Thus, | i Jap A ED 
. Let the mean motion of the Sun be determined by obſervation (or 
other wiſe) when the Sun is in ſome noted point of the ecliptic, ſuppoſe 
near Aries: or let the time of its entrance into the ſign Aries be well 
aſcertained. Take the difference between the time of that ingreſs and 
the 31ſt of December at noon, in days, hours, minutes, and ſeconds, 
(reckoning the end of the 31ſt of December to be the beginning of 
January at noon,) and find the mean motions for thoſe days, hours, 
minutes, and feconds, and it will ſhew the motion from Aries, for 
the 31ſt of December, or the mean motion at the beginning. of the 
year 3 z or the radix for that year with relation to the propoſed 
Ihe relative mean motions for one year being known, thoſe for any 
number of ſucceeding years belonging to that epocha, may be had, by 
adding ſuch of the before found abſolute years to the firſt relative year, 
as will make the number wanted: and the mean motions for any paſt 
year of that epocha will be found by leſſening the radical years by 
' ſuch a number of the abſolute years, as will produce the relative years 
. Wo £ -; (402) 
2 And in this manner are tables conſtructed, by which the mean motions 
of the Sun for any time paſt or to come may be computed, *' 
273. Suppoſe in the year 1760, the Sun entered Aries on the 20th of 
March, at 13 h. 42 m. 31s. P. M.: Required the Sun's mean motion for 


the beginning of the year 1760. SE rg 
ing leap-year, February has 29 days, and from the equi- 


Now 1760 bei 
nox to the commencement of the year is 80 d. 13 h. 42 m. Zi s. | 

_ Then 1d. ; c,9856470613 deg. : : 80 d. 13 h. 42 m. 34s. : 79,41444 

JJ ⁊ TTT (k Si M3 rd ; 

Therefore at the beginning of the year 1760, the Sun's mean longitude 

was 2* 19 24 52” ſhort of Aries; or his mean longitude was g* 10® 35/ 


7.4 


8% which is the radical mean place for the year 170. | 
274. 5 II. Of the mean motions. of the Sun's apogees. (301, 302) 


-  The-yearly motion of the apogee being determined (241); the mo- 
tion for any number of abſolute years will be that multiple of one 
N A 


f Us 
\ 


—— 
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ar's motion, and ſo for any part of a year: the monthly motions will 
be 5 ſeconds for ſome months, and 6 for others, to make 65 in the 12 
months. _ . | 3 
Let the time of the Sun's paſſage through the aphelion be accurately 
determined by obſervation (250), and alſo its place in the ecliptic; then 
the diſtance of the place of the apogee from Aries will be known at that 
time: let this diſtance be leſſened by the apogee's motion from the laſt 
day of the year preceding the propoſed epocha to the time of the apogeon 
paſſage, and the mean motion of the apogee will be known for the be- 


ginning of that year, taken as a radix, 


Then that radical mean motion, increaſed by the multiples of the yearly 
motion, will give thoſe for ſucceeding years: but being diminiſhed by 
_ thoſe multiples will give them for paſt years. „„ 
The Sun's mean motion for any time, leſſened by that of the apogee for 
that time, gives the Sun's mean anomaly. TAR 


275. III. Of the equation of the Sun's center. (305) 
To every degree of the firſt ſix — of mean anomaly aſſumed, find 
the true anomaly (253, 254): the difference between the mean and true 
anomalies will be the equations of the center to thoſe degrees of mean 
anomaly; which ſerve alſo for the degrees of the laſt ſix ſines; as equal 
anomalies are at equal diſtances on both ſides of either apſide. 
Set the equations of the center orderly to their ſigns and degrees of 
anomaly, the firſt ſix being reckoned from the top of the table down- 
wards, and ſigned at top with the title ſubtract; the laſt fix, for which 
the ſame equations ſerve, but taken in a contrary order, viz. from the 
bottom of the table reckoned upwards, are ſigned at bottom with the 
title add; and let the difference between every adjacent two equations, 
called tabular differences, be ſet in another column. 
From theſe equations of the center, augmented or diminiſhed by the 
proportional parts of their reſpective tabular differences for any given 
minutes and ſeconds, are deduced equations of the center to any given 


mean anomaly. | 


276. Aſtronomical tables are uſually computed to anſwer to two given 
_ denominations only; as to ſigns and degrees; degrees and minutes; 
months and days; &c.; for if made to more names, ſuch tables would 
ſwell into a bulk ſo great, as to be tedious to compute, expenſive to print, 
and of no great advantage in the uſe ; but it generally happens in calcu. 
lations, that numbers are wanted from tables to anſwer to given numbers 
of three or more denominations, as to figns, degrees, minutes, and ſe- 
. conds ; months, days, hours, minutes, and ſeconds; c.; and to obtain 
from the tables numbers anſwering to all the given names, the tabular 


numbers are to be increaſed or diminiſhed by a proportional part of their 
difference,  * Me dhe 0 HR 


7 Thus To find the equation of the'center to 4 2144 36/4, 
Now the equation to this number will fall between thoſe belongin 
; 4 21 and 4* 22%; which equations are 1* 13 59“ and 1“ 127 24“ (205) 
Their diff. is 135/95“; the po of which is to be taken for 44 36 : 


K. 


e No en OY 
And as the dif, 3 or 607: diff, 98% 44% 70% 1 11% the pro- 5 


portional part. 
Now to 4 21? O. O's 1 13 mm is the equation of the center. 


And to o 0 44 365 Ws 11 is the prop. part to be eh 
5 Then 0 4 21 44 365 LY 12 48 is ; the equation of the chokes) | 


hen the 7 A are increaſing, the proportional 571 is to be 
mul 3 but when IE the proportional part is to be ſubtracted. 


2% IV. Tables of the Sun's true s.. (308) 


The Sun's true place at any propoſed time is thus found. a 
Collect together the mean motions of the Sun, and alſo thoſe of the 
apogee, for the given year, month, day, (hour, minute, and ſecond, 
if AD 3 ; and their ſum will be the mean motions of the Sun and its 
' Ogee. 
„ he Sun's mean motion, leſſened by that of the apogee, gives the mean 
: anomaly'; to which find the proper equation of the center by e 
ing for the minutes and ſeconds. 
Then the Sun's mean motion, augmented or Ae ice by the equation 
of the center, as the title of its table directs, gives the Sun's true longi- 
dul or r place for that . time. 85 | 


"of 


- The Sun's et thus found to > every r! for four ſucceſſive years, vixz. 
for leap-year, and 1, 2, 3 years after; and thoſe places ranged under 
their proper years, according to their W ng and ay, coriſti- 
tute the tables of the Sun's place: 
Theſe tables find the Sun's place at noon only; ; but the pie for any 
intermediate time is found by applying to the NooR-Piace out el 
por of the yy . 1 at that tiene. | 


278. 25 Sd the bun 5 EPR 7 on Moy. 45 1788, at the time . 


appareni noon. 


„ $ Jn the table of the Sun' 's longitude (308) for 1788, 1 May Y 125 
= qtands 15 14* 36/ oa, which: ſhews that the Sun's longitude, reckoned 
a Aries, is 4% 36 o2” ; or that his place is in © 14 36020. 


But to find the Sun's place at any other hour, ſuppoſe on | May 4th, at 
Th. 24m. 36s. apparent time, proceed thus: 
= 1 he difference between the noon places of the 4th ing a of May i is 


. TY 72.8 22 "From 


— 


7 5 57 eo = 3479” anſwering to 24. hours in time. 308 
ben n: has 24 m. 36 | 7 : 3479” * 1074%/ 170 54" v7 - al = 1 
portional part. 9 
And 1 1% 360 02 1 sten 11 53 56% the Sun's e eg | 1 
at that time. 1 "it; | 
x F 279. On the Sun's he may. be. ſound by the tables of mean mo- E 
one; ee e | 


K R 
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Prom the a time 75 2 36” take the equation of time (316) 
equal to 3 35 „ and the ny 7 211% is the mean time. 
1788. O's m. mot. (302) 9 10% 47' 53 Mot. ap. 3917 45. (302) 
May 4 (305% f 213 133 L (307) 
ir 7 FIG hinntt ts «5, 2 18 = m. Te. 
-21 minutes (303) Bb ket repre 4.3} 10. 4 1 06 m. anom. 
i ſecond, 1 | | 
a | CE ona | Now to 10 ge the equation of the 
| 8): mean ens 1 13 19 13. {center is 13445 (3 O 5) 
| Equat. center +* 1 34 1 0 " Andthedifficpo'decreaing. 60": 270 
=o — 111 080: 17 the proportional part. 
gend troe longitude I 14 + 53 57 And 3? 34 45%—1"=1 34 44 ws . 
WO THe Bos Be Pe 1 tion of the center. 


280. © 77 fond the Sun' 5. litt. at any given. time py 7 oh; 15 
Seek, in the table of the longitudes of places, at the end of Rook VI. 


| for the rence of ' longitude between London and the propoſed place 1 


and convert the diff. of longitude. into time. 


If the propoled place is to the eaſtward of Ln take the diff. be- 
tween the propoſed time and diff, of longitude, and this will ſnew the cor- 


reſponding time at London; after noon, if the propoſed time is greater 
than the diff. of longitude ; ; but before tia: if the propoſed time is 


leaſt. 
If the propoſed place is to the tw; of London, the ſum of the 


pores time and diff. of longitude will be the eee time at 


ondon. 

The Sun's place found to the correſponding time at London, will be 
the Sun's longitude fought for the propoſed time and place. 

Thus: In a place 6h. to the eaſt of London, when it is 8 h. P. M. 
at that place, it is 2h, P. M. at London; and when i it is Ah. P. M. at 
that place, it is 2 h. before ncon at London. 

For when it is noon at London, it is 6h. P. M. at the other bade. 8 

Alſo, in a place 6h. to the weſt of London; when it is 8 h. P. M. at 

that place, it is 14 h. P. M. at London. 

For when it is noon at the Ot place, | it is 6 h. P. M. at 
London. THOR. 


6 Ts of the dee ee, 3 
Wich dach of the Sun's longitudes; already found, and the obliquity of 
the ecliptic, find the declination to each day of the four years. (139) 


Or thus: To each degree: of the three firſt ſigns of the ecliptic, 
taken as longitudes, find the declination (139) : and of- theſe declinations, 
regularly ranged to their fign and degree, take the difference of each ad- 
| Jacent two, which ſet ageinff1 them in another column; and this auxiliary 
table is prepared, anſwering to each ſign and degree of longitude (306): 
for to equal longitudes, taken on both ſides of each equinox, belong 


8 5 8 declinations. 


Now theſe auxilia 2 declinations augmented or diminiſhed, accord- 
ing as they are incre ing or dec being, by the proportional part of their 
58 e 0 difference, 
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A for the minute and ſeconds i in any given longitude, will give 
the declination fot that longitude. | 


Bock V. 


And this being done for every day in the four years, uſing the longi- 


ve ranged according to their year, month, and day. 


. tudes already computed, will give the declinations ſought : which are 7 | 


09 
- 282. To find the Sun's declination.” Suppoſe on May 1 
noon. In the table of the Sun's declination (309) a4 1788, a ant 
May 4, ſtands 16 14 13” for the Sun's declination, which is N. as eing 


between the vernal and autumnal equinoxes. 


283. oo if the declination was wanted on May 45 1788, at 7b. 24 m. | 


36 . P. M. proceed thus: 


The difference between the noons of May 4 and 5, is 16” 59", which 
anſwers to 24h. Then 24 h.: 17 0* 21 7b. 24 m. 36 f.: 5 2805 the 


| Proportional part. 


And as the declination is n then 16* 14/ 13"+5/ 1 % gives 


156 10“ 28“ for the Sun's decl. at the propoſed time. 


2284. But Art. 311 is a table for finding the proportional part at ſight, 
for fitting the noon declination to any other time. Thus: 


Seek in the left-hand column for a daily difference, neareſt to the given 
one; againſt which, in a column marked at top with bonne, neareſt to 


| thoſe given, ſtands the proportional part ſought, 


Thus againſt 17/ Oo“ of daily diff. and to 7h. Am. time, Rand 4 15”, | 


| the proportional part ſought. 


Although this table goes no farcher than $h. yet it may be applied 


We to e or 008 1 ml | 


: 28 5. * What will be the Sun's declination at 2 on the 23th 


9 1788, at 10 h. 35 m. P. A. 5 


"is 1788, the daily diff, between the noons of the 2 a5th and the 26th of 


gf is 20/ 58“ decreaſing. 


ow 10h. 35m. 15 equal to 2h. 35 m.+8h, om, 1 


To the diff. 200 58% and to 2 h. 35 m. anſwers 2” 167 EF 


To the diff, 200 58//, and to 8 h. o m. anſwers 6 


(309) 
(31!) 


The ſum 9/15“ is the proportional part, by which Nh 1 10 280 


* | 


ere 20' 58”, is taken as if it. was 21 99. 


| 29% to Auguſt 25th, is to be 3 ſo 10? 19 FO" is the dech- 


And 2h. 35 m. is 4, the interval between 2h. 20 m. and 2 h. 40 "a 
Now 21/ gives 2/ 4“ for 2* 20, and 2" 20% for 2 40/; the diff. is 18 


2/ 16“ for 21/ with 2* 35'. Moreover, 21 with 8 h. g 


I take one ſecond leſs. hecaule the daily. diff. in deeli 


three-fourths of Which is 14%; and this being added to 2 20 gives 


ives 7 0%; but 


tion is 2 leſs 


406 Fromithe table. of declination, Gtted. to: the) meridian” of: . 
yes or Greenwich, the declination may be found at any time, under 


he: other wake at a "OY difference of longitude ou London 


ee 


— 
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Required the Sur s declination at noon under a meridian 110? to the weſt 
of London, on the 24th of February, 1788. 


(311.) Now at 110? to the welt of London, it is noon 7h. 20m. aſter 
it is noon at London; that is, when it is 7h. 20m. P. M. at London, 


it will be noon at the propoſed place; ſo the declination found to that 
time at London (285) will be the declination ſought. 


In 1788, the diff. between the declinations of the 24th and 2 <th of Fe- 
bruary, is 22/ iT decreaſing 29. : and againſt 22” 20” of daily diff. 
and under 110%, or 7 h. 20m, is „49“ in table, Art. 311, which taken 
from 9 27 33”, leaves 97 200 445 the en feught: 


83 II. bat is the Sun 5 r on e 24, | 1788, at 
20h. 30 m. under a meridian 100% to the eaſtward of London? 


| Naw under a meridian 1coꝰ to the eaſtward of London, it is noon 6h. 
40m. before it is noon at London (311); or when it is noon at Lon- 
don, it is 6h. 40 m. after noon at the propoſed place; and when 20h. 
3om. after noon at that place, it is 13h. 5om. after naon at London; 


ſo the declination found at that time (285), will be the declinatiogy 


ſought. 


In 1788, the daily diff. at September 2d, is 22767 ( 309), againſt 


which (in tab. Art. 311), and under 8 h. and 5h. 50 m. ſtand 7 21' and 
5 21% their ſum 120 4 taken from the decl. to September 2, vix. 


7 36 30% leaves 75 23/ 48” the declination ſought. 
Here 5h. 50m. fall in the middle between 5h. 40m, and 6h, om. ſo 
1 21% the middle between 5012“ and 5” 30% is taken. | 


237. VI. Tables of the Sur's right aſcenſion. 3 je 


To the obliquity of the ecliptic, and each degree in the wise firſt 
ſigns of longitude, find the right aſcenſions (1 39 > and of each take 
the ſupplement. _ 


Range the right ons according to their ſign 3 degree for the 


three firſt ſigns; and for the three next ſigns, range the ſupplements ſo 
that the 4th ſign begins with the leaſt ſupplement, and the 6th ſign ends 


with the greateſt: becauſe the right aſcenſions in the 2d and 4th 


quadrants are the ſupplements of thoſe in the firſt and third. 
Let the differences of theſe right aſcenſions, viz. eaca adjacent two, 


through the ſix ſigns be taken, and ſet in other columns . 
Then this auxiliary table, uſed like that of declination will give tne 
night aſcenſion to each day in the four ng of 


288. To find the Gun 5 right aſcenſion, lane on Sue 12 6 * nan in the 
year 1788, at London, _ 


In the table of the Sun's right W ( 1100 for 71 83, . dag June 


12, ſtands 5h. 25 m. 19ſ. which is the right aſcen on - 26, and ſhews 
how much later the Sun paſſed the mexidian of of Lor 4055 aan the equi- 
doctial l Aiſes. N 
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Ex AM. II. Required the Sun's right aſcenſion at London on the 2d f 
November 1788, at 9 h. 3om. P. A. GE Nt | 
Between the 2d and 3d of November, 1788, the daily diff. is 3m. 58 f. 
which anſwers to 24h. Then 24 h.: 3m. 58 f.:: gh. 30m. : Im. 34ſ. 
the proportional p arr. | t | 
Then the right aſcenſion on the 2d at noon, 14h. 33m. 20 f. EI m. 34 ſ. 
gives 14h. 34 m. 54 f. for the right aſcenſion at the time required. 
By this table the right aſcenſion may alſo be found at any time in places 
that are to the eaſtward or weſtward of London, the difference of longi- 
tude of thoſe places being known ; by finding the time at London cor- 
reſponding to the given time at the propoſed place, and ſeeking the right 
aſcenſion to that correſponding time at London. VVV 
Tpbe table at Art. 311, pages 222, 223, may be applied to the tables of 
the Sun's longitude and right aſcenſion, as well as to thoſe of the declina- 
tion, for finding the proportional parts of the difference between the noon = 
of adjoining days, which ſhall anſwer to any intermediate hours. 
_ © "Thus in the Ex. page 296. To find the pro. pts. of 58 to 7h. 24m. 261. 
Now th of 58' is 14 30“; which falls between 14 20% and 14/ 40%. 
And the _—_ 24 m. 36f. falls between 7h. 20m. and 7h. 4om. 
The mean ofthe equations under 7 h. 20m. and 7h. 40m. and againſt 
147 20% and 14 40“, are 4 26” and 4 38”, their diff. is 127“ 
EE - 20: 12: : 440: 2F : and 4 26“ +2Z=4/ 281 the pro. pts. to = 
Ihen the proportional parts to 58 are 17 64. 
Again. In the Exam. above. To find the parts proportional to 3m. 
v3 9h. 30m. 16-t 24h EO 5 
Here 3 m. 57 ſ. being taken as 4 m.; and 4 h. 40 m. as the half of 9h. 30 m. 
The equation is 47; which doubled gives 1* 34” for the proportional 


* 


= 


parts require. 


289. VII. Of the right aſcenſions and declinations of the fixed 
JJ l) 
This table, which contains 120 of the principal fixed ſtars, viz. 60 
having north declination, and 60 with ſouth declination, are fitted to the 
year 1780; and are ſelected partly from the catalogue which is given in 
the Nautical Almanac for 1773, as deduced from Dr. Bradley's Obſer- 
vations ; and partly from that given by M. de La Caille, which, he ſays, 
“ are all derived from his own obſervations made, during ten years atten- 
e tion to this buſineſs, either at Paris, or at the Cape of Good Hope; 
tc that the poſitions are aſcertained with all the accuracy that could be de- 
cc rived from the modern Aſtronomy; and that he had all proper helps, 
& with regard to inſtruments, aſſiſtants, and convenience, and neither 
| te care or pains were wanting to perfect the work. 5 
The right aſcenſions were determined by a multitude of correſpond- 
„ © jng altitudes of each, taken with a quadrant of three feet radius, to have 
WW * _< their paſlage over the meridian.with the greateſt exactneſs. Almoſt all 
= e the ſtars in the northern hemiſphere have been compared with the 
te bright ſtar in the Harp; and thoſe in the ſouthern hemiſphere, with 
*« Syrjus; that is to ſay, on each day that the time of the ſtar's paſſing 
«& the. meridian had been found by equal altitudes, that of à Lytæ and 
*& Syrius were found in like manner; the right aſcenſions of theſe B 
RRV R 1 


* 
: 
i 
\ 


« they were in the propereſt ſituation for this purpoſe. 
c The declinations have been deduced from a ſufffbient number of 
et obſervations of their zenith diſtances, taken with an inſtrument of ſix 
cc feet radius, made with great care for this purpoſe,” _ 1 
The table conſiſts of nine columns; that on the left hand contains the 
name of the conſtellation ; the next ſhews in what part of the conſtella- 
tion the ſtar is; in the 3d are the names by which certain ſtars are diſ- 
tinguiſhed; the 4th column ſhews the Greek characters by which the 


9 ſtar is marked in the cceleſtial charts, or maps of the conſtellations; the 
E- 5th ſhews the magnitude of the ſtars ; the 6th and 7th contain the right 
io aſcenſion in time, reckoned from Aries, and the yearly variation in right 
9 aaſcenſion; the 8th and th contain the declinations and the yearly varia- 


tion in declination; where thoſe which are marked + are augmented by 
the yearly variation; but thoſe which have the mark — annexed, are to be 
_ diminiſhed by the variation: by the help of theſe yearly variations, the 
diſtant year. VVV 1550 | 
. Precepts for finding the culminating of the ſtars are at Articles 133, 134 


2090. VIII. Tables of the Equation of Time. 


a table of the Sun's right aſcenſion in degrees, to each degree of longi- 


ſaid differences turned into time (132), of minutes, ſeco 
tenth part of ſeconds : the numbers in this table are the differences be- 
tween the mean and true noons, ariſing from the obliquity of the ecliptic 


the center, table, Art. 305, converted into time; and are the differences 
between the times of the mean and true noons, ariſing from the eccen- 
tricity of the Earth's orbit: theſe two equations of time, properly put 


- time with relation to the place of the Sun's apogee, 


291. To conſtruct the table 316, of the abſolute Equation of Time. 

1ſt. To the given time find the Sun's true place, or aſſume a place. 
24d. The difference between that place, and the place of the apogee, 
gives the Sun's true de | 10 8 . 2 | 
. 3d. From the true anomaly find the mean, TTY 
4th. In table I. 314, ſeek the equation of time to the Sun's place. 
Sth. In table II. 315, ſeek the equation of time to the mean ano- 
6th. The ſum or difference of theſe equations, according as their 
titles or ſigns direct, will be the abſolute equation of time to the Sun's 
place found at firſt, or to the correſponding time. 
The tables, Articles 314, 315, are made only to whole degrees of lon- 
gitude and anomaly; the proportional parts of the differences are to be 
taken for minutes or ſeconds, above Whole degrees of the Sun's longitude 
and anomaly. N hs 8h oe oe FEE UB | 


— 
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te ſtars having been ſettled by a great many obſervations taken when 


right aſcenſions and declinations of theſe ſtars may be fitted for any 


In page 318 are three tables, Articles 313, 314; 315: Article 313 is 


tude in the firſt quadrant of the ecliptic ; and alſo the differences between 
thoſe longitudes and right aſcenſions. The table, Art. 314) contains the 
econds, and the 


(267); and the table, Art. 315, is nothing more than the equations of 


together, conſtitute another table, Art. 316, of the abſolute equation of 
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302 ASTRONOMY. Bock v. 
222. Exan, I. What is the Equation of Ti ime, when the Sun's longitude 


. 


In table, Art. 316 againſt 12? in the outſide column, an db m, or 
7 f, ſtands— 16 m. 121.; which ſhews that 16m. 12ſ. is to be ſub- 


- tracted from the apparent time; to give the mean time of apparent noon, 


or the time which ſhould be ſhewn by a good Cock, when the Sun's 
center is on the meridian. 


293. ExAM. II. bat is the Equation of Ti Teme when the ns” 5 "Jengitude 
1 4 24% 300 42"? 1 8 
Ihe difference between the equation in table, Art. 16 to © 245 and 
„an deerealing ; and 30/ 42/=30,7'. 
* Then 6 : 30,7/: : 13* : 6,65 or 77, the proportional part decreaſing, 
And 3m. 46. — = +3 m. 39. the equation ſought. 


+ $0 24h. the apparent time of ſolar non, increaſed by 30 301. will 
8 give the mean time of noon, 


if the time was given, viz. the month, day, 5255 Sc. 10 Fad the E. guation. 


To the given time find the Sun's longimde. 178) 
Then to this longitude find the equation of time, as above. 


294. 2 find the mean anomaly from the true being given, 5 
» SELUTION, Say, As the ſquare root of the perihelion diſtance, 
| | To the ſquare root of the aphelion diſtance ; 3 
. So the tangent of half the true anomaly, 
And Too the tangent of half the eccentric anomaly, 
5 As radius, to the ſign of the eccentric anomaly, 


So the degrees in an arc equal in length to the eccen- 
: tr city, 
To the degrees, Ec. in the arc of correction. 


The correction added to the eccentric eee y gives the mean 
anomaly. 


9 


295. Reman xs. ft. The greateſt equation of the center biing 
taken at 1 55/ 39“, the eccentricity. (249) will be 0,01682 ; the. aphe- 
lion diſtance wil be 1, 1682, and the perihelion 598318. 

Hence the ratio of the ſquare root of the perihelion diſtance to the 
ſquare root of the aphelion diſtance will be expreſſed by the logarithm 
0,00731 3 which conſtant logarithm, added to the logarithmic tangent of 
2 the true anomaly, will * the logarithmic * of the eccentric 


aganomaly. 


20806. 2d. In the 2d proportion, the are equal to the length of the e ec- 
centricity 1682 is a conſtant quantity. 


Now the radius, or mean diſtance, is equal to the length of an arc 

7 5729578 (249); then 100000 : 1682: : 5729578: 0%, 96375, the 
ps of the eccentricity in degrees; the conſtant ogarithm, of which is 

396, which added to the logarithmic fine of the eccentric anomaly, 

: 4 10 in the index of the ſum, gives the logarithm of an are, the de- 


grees, minutes, and ſeconds of which being added to "oy ECcentri ic ano- 
1 Sive the mean * 


* N ** 


297. 


1 297. IX. 7 al of Corraltions for the middle time between equal 


Book v. ASTRONOMY. =_ 


altitudes of the Sun. Art. 317. 


This table, which is fitted to the hit of 305 40% 50”, and 605 

will alſo ſerve, nearly, to all latitudes between 25 and 6: 5"; by entering 

the table with the neareſt latitude to that given, and the given declination 
in degrees. It is conſtructed by Art. 216 


Exam. I. h latitude 50? N. when the Sun's declination i is 16* N. and 
the interval between the morning and afternoon obſervation is 5 hours : What 
correction muſt be applied to the n. _ to give the time of apparent ” 


7 


In the N Art, 317 ann 16 of declination taken in the outſide 


ent and under 50˙ latitude, and 5 hours, with N. declination, ſtand 


12 ſeconds; which 12 f. applied to the middle time between the obſerva- : 


tions, give the time when the, Sun was on the meridian. 


The correction is applied to the middle time he the precepts at the 


bottom of the table. 


* 


298. Exam. II. In latitude 50? N. on November I6th, 1761, obſerva- Z 


Hog at equal altitudes of the Sun were taken at the following times ſhewn by 
a click, the e equal altitude inſtrument havi ng three ee toires. 


bs, 
* 


Morning obſervations. 8 obſervations. 
O N limb © following | limb ©  precedin g limb © eg limb 
9 28" 5g- gh 35 21% — 1144375 b 53% 30x" 
9 32 462 9 39 232 1 43 , 57 282 
% ß 


gm c“ h Im 17 
Now = Fl : 35 +2 Eh ras 2 Ain 477]. 


2 32 465 +1 57. 282 + 12. che mean =I 4.5® 


limb, 
9 35 445 +1 53 302 $12 ing 
0 - 2 l —= 45 7% 
"Ag 11 5 215 EY | 56 +12 4 45 8] 
8 234 I 1. 50 53 +12 | [the mean==11* 45” 


=11 45 82 * oy the bowing 


43 aÞ; +1 46 ee 45 61 


The mean time of able from both limbs is 11h. 45 m. 7,8f. 
The declination on the day of obſervation is 19* 5. nearly; the interval 


between the obſervations is about 4 hours; and theſe give + 14 ſeconds 


for the correction of the middle time. 

So the Sun was on the meridian when the clock PEE I1h. 45m. dr 
The Sun's place, at that time, was 7* 24% 26' 46% nearly. 
Nee table 316, to 7. 24 the * 8 is 125 decreaſin ng. 5 

1 nen 


— =11 45 74% $7.6" by the preced- 


—_— _—_ - —_— gov oo — . = i; — 3 882 
. . 0 . 


>. ry own 


DPF 


n 
3 on 
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Then 60' : 26,75/-: : 12 fl. 5,25. 3 and + 14 m. 56 f.— 55 f. =+ 

14 m. 50 f. which is the equation of time: hence 11 h. 45 m. 21,8f. + b 

14 m. 50, 6 f. 12h. om. 12, 44. 2 3 
Which ſhews that the clock was 120 neatly, too faſt. 


5h 


299. X. Tables of Refradtion and of the Sun's deralige, (318,31 9) 5 


Theſe tables are the reſult of the experience of ſome of the moſt emi- 
nent Aſtronomers. By the refraction oſ the atmoſphere, objects appear 
more elevated than they really are, and therefore the apparent altitude is 
to be diminiſhed by the refraction, which is * near the horizon, 
and gradually diminiſhes towards the zenith, where there is no refraction. 

The parallax in altitude is the difference detween the altitude of an ob- 
ject, as ſeen from the center and ſurface of the Earth, that from the center 4 
| being the true altitude, and the greateſt, except . at the zenith, where pak 
rallax vaniſhes ; 3 therefore the apparent ana is to be wee WY the = 2 


Fran The Sim's e aue. 710 eee to. my 1 . 0 10 55 
W. hat was his true altitude? 
We: altitude 18734 48” | RefraQtion 2 e 
Correction is — 2 38 Parallax | 9: +; 


"Db true altitude 18 VV 8 + 


\ 
7 "PODS - { 
%. 
* g 
. . „ 1 7 u>> 
\ L 5 11 * 
A 41 * % 
+ \ po [| 4 * 
* — 5 r 
4 3 * & : ** — — — — 
# 
1 
1 
4 8) 
— * 
7 |; 7 2 18 
55 8 US; 1 K N nö tl 20 1 
- * ” ls \ i 
* wy 1 15 11 1 1 nn 13 4 Ve w : 
: | , 
4 — 1 ? 4 * o #*; 1 1 94 f* * * 
* 3 5 — wo + 4 % 4 4 4 * wed ; 4. 4. — - 
T bk 
; N 0 1 1 4 41 . * 
1 6 * 
* TA 4 | N v 
* « wo * 4 1 ? f 4 ey 1 4 3» 
4 a 4 <4 * 
wy . 4 3 * Yo * 1 { o F 411 * wy * > £ 1 hf 
| : 5 8 12 8 . | 
e e e ASTRO 
4s Ov % 7 3009, "T5 | — 


” 2 AS 2; | 3 f 
= 7 , * s 4 » ab 
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Book V. | 
18 * * 4 ye cet A ; 7 . * LE - . 7 
bl 1 ] 
* 
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4 * a as : 
» 1 ; : * i * 
15 Sy | 
; 300. 


ASTRONOMICAL TABLES, 


Fd in general, to the meridian of GREENWICH. 


I. 3 motions 5 of the'Sun ad n for years. GO 10 301) 
II. Mean motions of the Sun and Apogee for radical years. (302) 


III. Mean motions of the Sun for hours, minutes, and ſeconds. (303) 


Equations of the Sun's center. 305) 
Ay Sun's declination to ſigns and degrees. (306) 
VII. Sun's right aſcenſion in time to ſigns and degrees. (307) 
VHI. Sun's declination to each day for the years 1796, 1797, 
2795 and 1799s (308) 
I. Sun clination to each day for the years 1800, 1801, 1802, | 
and 180g. (309) 
X. Sun's declination to each day for the years 1804, 1805, 1806, 
And 1807. . FE) (310) 
Kl. To fit the tables VIII. IX. X. to any meridian. 311) 
XII. Right aſcenſions and declinations to 120 fixed ſtars. 0 312 
XIII. Sun s right aſcenſion in e, &c. to ſigns and de- 
grees of Jongitude, _ (313) 
xIv. Equation of time on the obliquity of the ecliptic. _ (314) 


XV. Equation of time on the eccentricity of the Earth's orbit. (315) 


XVI. Abſolute equation of time, to the Sun's longitude, ' (316) 


XVII. Correction of the middle time between equal altitudes, (317). 


XVII. Correction of altitude for refractions. : „ 
XIX. Correction of the Sun's altitude for his parallax, (319) 
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312. Taprn of the Rricur Ascensons and Derma rig 1. n 


a+ . 


| | | . | 8 = ne Year» Declinat. | Yearly 
BP] & 
* porn Patt Fu my Names. 5 E ws * Eee North, ] Var. 
py . 8 Ins 1. I. © 1 — 
Peg ci of the . 71200 160 3,0813 57 e 
Ca opea Breaſt - 4Schedar. \__ 4 3] © 28 $ 37315 58 19 4 1 N 
Pole Star 80 Alruccabah |<] 2} © 47 435,05 88 7 57119, 2 
An romeda Girdle Mirach Bj 2] 0 57 29 3430/34 26 56 19.45+ 
Arles Preceding Horn | @| 3% 42 32 32819 43 32/18,10+ 
i 05 Andromeda Foot 1 Almaach Zz. 2] 1 50 29 3.6241 15 54117,80+ 
1 F Artes Following Horn | 4 3] 1 54 49 3,3422 24 52117,04+| 
8 hab (ns Following in the Cheek . 7 3 2 31 56| $312] 2 17 5915,86 
858 "{Jaw. Menkar & | 2] 2 50 48| 3,15] 3 12 56114,80+ 
Meduſa Head ; [Algol + 33 2] 2 53 56] 3385149 5 37]14463+ 
Perſeus Brighteſt Algenib 4 2 3.8 43 4,2049 3 4413,72 
q, Tavrus Brighteſt in Pleiades {21 3! 3 34 27] 3 55123 24 38012. 004 
I verſeus Knee ARSE 3 3 43 08 3494 38 21 2411,41+ 
kay on Firſt of the Hyazes Yi 3] 4 7 18] 3,3905 4 $1 9:00: 
Northern Eye | 44 25 48] 348118 40 32 290+ 
Southern Eye Aldebaran & | 1] 4 23 19 3243116 3 6] 8,32+ 
ert lis the Goat Capella «| 1| 5 0 28] 4,40% 44 43] 5,30+ 
Cars Noythern Horn 5 8 5 12 24/379½8 24 13] 4.26＋4 
. (orien Welt Shoulder | Bellatrix - 2 $ 33 21| 3,22 6 8 21 4 Thy 
| Ikxaſt Shoulder Betelgueſe 1 5 43 16] 3,25] 7 20 56 e 
Aujigs ln the Hand N 6 3 5 44 43/ 4,937 10 36] 1,40+ 
5 Gemini © © [Foot of Pollux 11-3; 6 25 oo} 3,4"116 34 92,10 
3 NF nee of Pollux EP 8 316 5x 3] 3.58/20 52 31 255 
* Ikrighteſt in the Head Caſtor | 42 7 20 33 3588032 21 |, 6,78—] | 
Lirtle Dog Bight. oO. Procyon 417 27 48| 3,2c} 5 45 59 11 
Gemini Head of Pollux Pollux 6 2 7 31 $1} 3475125 32 251 7>70—|| 
Sher Bear North Paw 38 44 4/4, 25/48 53 29/13, 
5 8 Cancer In the Claw Acu.ens «| 3} $ 46 27 Þ24|1% 41 5cft3,30—j} 
Great Bear [Preceding Knee ELSE, 9 3) 9 18 5| 422/52 40 2115, 18—| 
Led : North tn the Head | #1_3 9 42 13 37221 58 18,235) 
rey In the ert Regulus 9 55 39 324113 2 '6]17,16—/ 
1 | Great Bear Lower Pointer FOES B| 2j10 48 27 3,7457 33 2519,05 
jb Upper Pointer Dubhe a 210 50 0 3,8862 56 05119,0g— 
Led in the Tail B| 2j11 37 50} 3,0% 48 899 
Great Bear 8 folldwing i in the Square „ 201 42 10ſ/ 3424154 55 419,99 
li : 4 Laſt in the Square 3 © _2112 4 27] 3z0* 58 15 2520,05 
E Firſt in the Tail Alioth 2202 44 17 2,6987 9 259,69 
. IMiddle of the Tail | L 2113 15 2] 2,4456 4 4611 62— 
b | ILaſt in the Tail Benetnach un 2013 38 52] 2,4150 25 0318,24 1 
Dragon In the Tail | 2013 58 27 1, 63065 25 54 1 843 
Bodtes Skirt of the Coat Arcturus 4 1114 5 40 2,8220 20 39 7,16— 
ba 1 In the following Thigh Mirach 2 3 14 35 28] 2,6328 © 37 5,67— 
Crawn n Ihe brighteſt | Alphacca 215 25 23] 2,5427 28 001 2,60 
Serpent In the Neck 4 2115 33 27 2,94 7 7 4802,03 
Hetcules receding Shoulder 6316 20 48] 2,5 |.1 58 52] 8,51— 
I Follcwing at the Side ä „316 51 52] 2,2931 15 43] 5,96-— 
| 3 +47 $}The Mead + [Raſf. Algethi!i [42/17 4 38] 2,7414 39 1 487 
Ophiucus be Head Raf. Aihague 2% 24 43] 2475112 44 8/3,15— 
Dragon £ the Head | [Raftaben 7 2117 51 31 37/51 31 24] 0,78— 
8 Latp The brighteſt | Vega «| 118 29 29 2,0238 35 14] 2,524 
1 Following in Lozange 18 46 49 2,1036 37 48] 3497+ 
Eagle **,_ [Preceding Wing | T| 3119 14 24| 3,02] 2 41 22] 6,314. 
che brighteſt Atair 219 40 02] 2,99] 8 17 54] 8,40 
| | Swan uke Breaſt * 320 14 ze} 2, 16030 33 43/1, oo 
f i The Tall | Deneb a 2020 33 56] 2,0544 30 7112,44+! 
i Cenheus - - Preceding Shoulder Aideraimin «| 3j21 13 19 1,4461 39 32014, 954 
2 8 begaſus Phe Neck » . EI 3122 30 29 2,99] 9 41 18118,464- 
rhe Thigh Scheat 5 2j22 53 2588026 53 32]19,18 + 
fre Whig {Markab | a} 222 53 49] 2,914 1 3019 
— {Andromeda bo The Head | 1 2423 57 
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1. A * =: Rt. Aſcen. Vear. Declinat. Yearly | 
3 11:1 | Places of the Stars in . x 2 in time. bo South, Var. 
22 bY Conſtellations. 8 FF n. m. f. . * 
Phenix (rhe Head «| 2[0"t5 22) 30143 25 409 
Whale [Brighteſt in the Tail B| 2] 0 32 32| 3,01, N 8.2 
Phi rain 81 3] 0 56 15] 47 54 $819.46] 
*....., ,._ JFollowing Wing. 807 % * 3] 1 18 49] 2,67 44 2 52]18,g0— | | 
Eridanus Source of the River Achernar a | 1 29 31 2325/58 21 35 TS Sn 
Whale | [Preceding Jaw  |]_3] 2-28 13] 3-07] © 37 $011 6,00} 
Eridanus Near the Whale "8 4H P12 4 9 38 55]13,92— 
1 The following T\ 3] 3 32 2,8810 31 3012,08 
IxTne fourth Bend ; » | 3] 3.47 46| 2,80114 8 47Þtt,om 
[Goldfiſh {In the Tail . 34 29 Is 1,2855 30 20 72761] 
Orion [Bright Foot Rigel 665 3.3 2,89] 8 28 11] 4 94— 
Preceding in Belt . E $ 20 47 3:07] © 28 4c 3» SOMs 
; |Middle of Belt e| 21 5 25 4 305] 1 21 30 3,13— 
| Laſt in the Belt E25 29 41] 3,042 4 27] 2,77— 
Dove Preceding of the brighteſt 4425 31 43] 2,2034 12 ( 2,56— 
Orion In the Knee «| 3] 5 37 20 2,859 45 35] 2,10 
Dove Following of brighteſt he. Bl 3] 5 43 213] 211135. 51 51] 565— 
Argo The brighteſt canopus 2619 5} 1342 34 57] 1,604 
Great 18 I The brighteſt Syrius « | 11 6 35 28ſ/ \2,69116 25 8ſ 3,07 
\ In the Back F| 2] 6 59. 27] 2,45]26 3 37 5108+ 
Gi the Tail J=|2?] 7 15 24] 2,38]28 53 f 6,42 
Ar In the Poop 8 2 7 55 52] 2,1239 23 28 9,62 
Preceding in the Hull [>| 2]8 2 46| 1,85146 4x 4001,16 
15 {Brighteſt in the Middle 3 | 21 $ 38 36] 1,61153 54 2412,34 
I! Bright among the Gars B| 1] 9 10 44] ©,75]68 48 50114,79+| 
Fenhale Hydra The Heart Alphard a | 2] 9 15 47] 2,96| 7.42 51115,13-+| 
Argo No thern in Section . 210 36 34] 2,2758 31 5618,68. 
Centaur Preceding in the Crupper | T| 3111 57 3] 3,0649 29 4c[20,04+ 
Ctoſs Preceding Arm 9 3j12 3 3<| 3T0]57 31 31020, 4. 
1 The Foot ü 4 1012 14 33 372261 52 48020, 014 
; Tue Head | (7 | 2112 19 4 3»24[55 52 42[19,98+ 
Centaur Top of the Crupper y | 2112 29 30| 3427147 44 5019,89 4 
JCxroſs IkFollowing Arm 8 2112 35 2| 342158 29 319,83 
Female Hydra [The Tail 7 3j13 7 oc| 3,2222 © 22019, 224 
Virgo The Sheaf Virgins Spike 4 113 13 33] 3415110 © 24119, oo 
Centaur preceding Leg 8] 2113 48 30] 4109Þ59 17 $9117,91+ 
[To © [South in the Sic % 21 37] 7757 10 428,434 
1 bf." Bright in the Foot . 141/14 25 2 4241159 55 17116,26+ 
[Libya Southern Scale Zubeneſch a 2114 35 45] 3,35 6 55/15, 50 
Centaur Following in the Head x | 3114 44 5 3,841 12 2105,17 
Libra Northern Scale E 1625 5:12] 3,22] 8 33 3113,93 4 
Southern Q [The Vertex 8 B| 3115 35 56] 5,1262 43 311,88 
qjScorpio | Niadie of the Forehead 8 3115 47 2 3453121 58 4201,00 4 
N. in the Forehead 2115 52 41] 3,479 11 140,704 
en Preceding Hand e 9 316 2 50 3, 14] 3 6 45] 9,89 
eas ee {The Heart Antares, a 116 15'57] 3,665 55 32] $,90+ 
[Firſt Joint in the Tail «| 3116 35 58] 3.9033 52 21] 7,34+ 
Oele Following Knee n| 2116 57 47] 3·44](15 26 14] 5.52+ 
"Altar © | In the Middle T 4 3117 14 52 4,61% 40 30| 4,12 
|Scorpio  _ [Bright at Tail's End 1a] 3177 18 42] 4,08136 55 22] 3,77+ 
FE SS Sixth Knot in the Tail «| 3117 32 13 4,1840 1 7 2,60+ 
Sagittarius Is. End of the Bow 228 9 35] 4, 00034 27 580 0, 72— 
14 preceding Shoulder | ! 318 41 37 3,736 32 57] 3,84— 
1 Following! in the Head 318 56 41] 3,5821 21 17] 4,80 
[Capricorn © In the following Horn 4320 3 54 3,3 5/013 12 45]10,40— 
[Peagock © © The Eye 1a | 2j20 81 4,89157 25 14[10,44— 
ICapgicorn [In the Forehead B| 3jz2o 8 37, 335115. 27 43j10,60— 
[Crane {Preceding Wing a| 2121 54 18! 3,9 O $1[17,00— 
Aquarius Following Arm r e 27] ene 29 A077 76— 
— 2 Fiſh The, Brighteſt Fomalhaut 24 2 45 * 323031 30 — $5118 18,97— 
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317. TABLE of Corrections for the Middle Time between the 
ED Equal Altitudes of the Sun. 
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wo EOGRAPH x. is the art of deſcribing che figure, magnicudaz 
| and poſitions of the ſeveral parts of the ſurface of the Earth. 
2. The EARTH is a ſpherical or globular figure * D and 1s uſually called 
the terraqueous globe. 
There ate two points on the ſurface of the rg ee globe, called 
- the Por zs oF THE EARTH, which are diametrically oppoſite to one an- 
"Other ; one is called the north py, and th& other the 888 20 


% 


— — ** 3 * * 88 3 r — 


„For in | hips at ſea the firſt parte of « them that become viſible are the up- 
2 ſails; and as they approach nearer, the lower ſails appear; and ſo on until 


ey ſhew their hulls. 
Alſo ſhips in ſailing from high capes, or head lands; loſe ſight of thoſe emi- 
" NEnces gradually from the lower parts, until the top vaniſhes. 


Now as theſe appearances are the objects of our ſenſes in all parts of the 


. 
Therefore the ſurface of the Barth muſt be convex. 
And this convexity is, at ſea, dbſerved to be every where uniform. | 
But a body, the ſurface of which is every where unzformly convex, is a globe; 
Therefore the hgure of 00 Earth is globular. 


Vox, I. | 5 Aa | pare 0 ef In 
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w 8 GEOGRAPHY. Bock VI. 


In PR to $ibcribe the poſitions of places, Geographers habe found it 


neceſſary to-imagine certain circles drawn on the ſurface of the Earth, to 


which they have given the names of Equator, Meridian, Horizon, Pa- 


| rallels of latitude, &c, 


4. The EquarTor is a great circle on the Earth, equally diſtant from 
each pole; dividing the terraqueous globe into two equal parts; one called 


the northern hemiſphere, in which is the north pole; and the other, con- 
Ne the ſouth pole, is called the ſeuthern hemiſphere. 


ERIDIANS are imaginary cireles on the Earth paſſing through 125 


88 the poles, and cutting the equator at right angles. 
Every point on the ſurface of the Earth has its proper. meridian. 


6. Lartrruns is the diftance af a place from the — reckoned 


in degrees and parts of degrees on a meridian, 


On the north ſide of the equator it is north latitude; and on the ſouth 
fide it is ſouth latitude, 


As latitude begins at the equator, where it is nothing; z ſo it ends at the 7 
_ poles, where the latitude is greateſt, or 90 degrees. 


* PARALLELS oF LATITUDE are circles parallel to the equator. 
very place on the Earth has its parallel of latitude. 


DIFFERENCE or LATITUDE is an arc of 4 meridian, or the leaft dif- 


tance of the parallels of latitude of two places; ſhewing how far one of 
them is to the northward or ſouthward of the other. 
The difference of latitude can never exceed 180 degrees. 


8. In north latitudes, if about the middle of the months of March and 


September a perſon looks toward the Sun at noon, the ſouth is before 
him, the north behind, the weſt on the right hand, and the eaſt on the 
left: and in ſouth latitudes, if the face is turned toward the Sun at the 
ſame times, the north is before, the ſouth behind, the eaſt to as richt, 
and the weſt on the left. 


In latitudes greater than 234 degrees, theſe poſitions, found at noon, will 
hold good on any day of the year. 


9. LonG1TUDE of any place on the Earth is expreſſed by an arc of 


place from ſome fixe meridian, where longitude is reckoned to begin. 
10. DIFFERENCE oF LONGITUDE is an arc of the equator, inter- 
cepted between the meridians of two places, ſhewing how far one of thent 
is to the eaſtward or weſtward of the other. 


As longitude begins at the meridian of ſome law, and is counted from 
thence both eaſtward and weſtward; till they meet at the ſame meridian 


on the oppoſite point of the equator ; therefore the difference of longitude 


Can never exceed 180 degrees, 


11. When two places have latitudes both north ot both ſouth ; or babe 
longitudes both eaſt or both weſt, they are ſaid to be of the ſame or of 


| like name: but when one has north ſatitude and the other fouth ; or if 
one has caſt longitude and the other weſt, then they are laid to have con- 
trary, or different, or unlike names. 

12. The Hor1ZonN is that apparent Keel which limits or bounds 
the view of a ſpectator or the ſea, or · on an extended plain; the eye of the 
e * A ä in the center of his horizon. 


by 


the equator, 4 the eaſt or weſt diſtance of the meridian of that 


When 


decreaſes her latitude; ſhe depreſſes the elevated 1 8 3 that is; its diſtance | 
55 from the horizon decreaſes; | 


— 
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When the Planets or Stars come above the caſtern part of the horizon, 


| they are ſaid to riſe ; and when they deſcend below the weltern part, they 


are ſaid to ſet. 
When a ſhip is on the ee both the poles appear in the horizon; 
and in proportion as ſhe fails toward either, or increales her latitude, 


that pole is ſeen proportionally higher above the horizon, and the other 


diſappears as much : but when a ſhip is failing toward the equaror, or 


Of the diviſi on of the Earth into Lend 
14. A Zoxs i is a broad ſpace on the Earth, included between two pas 


 rallels of latitude. 


There are five zones: namely, one Torrid, two Frigid, and two Tems 


 þerate; theſe names ariſe from the degree of heat or cold, to which, cheir 


tuations are liable. 


14. The ToRRIn Zoxz is that portion of the Earth, over every part 


of which the Sun is perpendicular at one time of the year or other. 
This Zone is about 47 degrees in breadth, extending to about 231 de- 
e on each ſide of the equator; the parallel of latitude, terminating the 


mits in the northern hemiſphete, is called the Tropic of Cancer; and in 
the ſouthern hemiſphere, the limiting parallel is called the Tropic of Ca- 


pricorn. 


15. The Frr61D Zonts are thoſe regions about the poles, where the | 


Sun does not riſe for ſome days, nor ſet for ſome days, of the year. 
Theſe zones extend round the poles to the diſtance of about 23 de- 


grees that in the oy hemiſphere is called the north frigid zone, 


and is bounded by a parallel of latitude, called the Aric polar circle: and 


the other, in the ſouthern hemiſphere, the fouth frigid Zone ; the parallel 
of latitude bounding it, being called the Antarctic polar circle. | | 
16. The TEMPERATE Zones are the TOI between the Tonis 


and the F rigid zones. 


of the div FO ” the Earth by bete, 


17. A CrATBJ in a geographical ſenſe, is that ſpace of the Earth 
contained between two parallels of latitude, when the difference between 
the longeſt day in each parallel is half an hour. | 


Thele climates are narrower the farther they are from the equator 3 | 


therefore, ſuppoſing the equator to be the beginning of che firit chmate, 


the polar circle will be the end of the 24th climate; for afterward the 


tonge® day does not increaſe by half hours, but by wm. and montires 


i 3 


8 
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8 E c T 1 ON I. 
Of he Natural diviſion of the Earth. 


18. By the natural diviſion ef the Earth is meant the parts on its ſur- 


face formed by nature; ſuch as Continents, Oceans, Iſlands, Seas, Rivers, | 
Mountains, &c. 


_ The ſurface of the Earth i is naturally divided into Land and W ater. 


1. Continents, 4. Iſthmuſes. 
Land is "divided into 3 2. Iſlands. 5. Promontaries. 
3. Peninſulas. 6. Mountains. 
| 1. Oceans. 43 Straits. 
Water is divided in? 2 „ r 
\ 3. Gulphs. Vos 6. Rivers. 


a 10. A ConTixgnt, or, as it is frequently called. the main land, is a 
very large track, comprehending ſeveral contiguous Countries, King- 
doms, and States. 


20. An OCEAN is a vaſt collection of ſalt water, ſeparating the conti- 
nents from one another. 
, 21. An IsLAxp is a part of dry land, ſurrounded with water. 
22. A SEA is a branch of the Ocean, flowing between ſome parts of 
the Continent, or ſeparating an Iſland from the e MEE : 
23. A PENINSULA 1s a part of dry land encompaſſed * water, except 
a narrow neck which joins it to ſome other land. 


24. An ISTHMUS is the neck joining the peninſula to the adjacent 
land, and forms the paſſage between them. | 
25. A MOUNTAIN is a part of the land more elevated than the adjacent 
uns and to be ſeen at a greater diſtance than the neighbouring lower 
ands. 
26. A PRomonToRy is a mountain ſtretching itſelf i into the ſea; 3 the 
ext: emity of which is called a Cape, or Head-land. ; 
27. A HiLL is a ſmall kind of mountain: A Cliff is a esp ſhore, hill, 
or mountain: And Rocks are great ſtones, riſing like hills above the dry 
land, or above the bottom of the ſea, 
28. A GuLF, or Bay, is a part of the Ocean, or Sea, contained be- 
tween two ſhores: and is every where environed with land, except at its 
entrance, where it communicates with other Bays, Seas, or Oceans. hs 
29. A STRAIT is a narrow paſſage, by which there is a communication 
between a Gulf and its neighbouring ſea, or which joins one part of the 
ſea, or ocean, with another. 
30. A LaKE is a collection of Waters contained in ſome hollow or 
cavity, in an inland place, of a large extent, and every where ſurrounded 
With land, having no viſible communication with the Ocean. 
31. Riyxxs are ſtreams of Water, flowing chiefly from the Moun- 
tains, and running in long narrow channels or cavities through the land, 
4 they * into the bon, or into other 1 which at laſt run into the 


32. There 
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32. There are generally reckoned four G namely, EuRor k, 
ASIA, AFRICA, and AMERICA, 


. cheſe may be added the Td arfica, or northern continent, and 
the Terra antarctica, or lands detached from 4/ia, towards the ſouth. 


The continent of America is uſually divided into two parts, called North 
and South America they are joined together by the /Mhmus of Darien. 


Alſo the continents of ”— and TIO; are joined together by the Iſthmus 
of Sues. 


The Terra ardtice, Eurade, and Aſia, lie all within the tiert hemi- 
ſphere; and allo part of Africa and America : The other parts of theſe 


two continents, together with the Terra antarficay lie in the ſouthern 
hemiſphere. | 


9 33. There are five Oceans, namely the NoRTHRRN, the ATLAN= 
> Tc, the PACIFIC, the Inpian, and the SOUTHERN. e 


. Atlantic ocean is uſually divided into two parts, one called the 
. worth Atlantic ocean, and the other the ſouth Atlantic, or Ethiopic ocean. 


The Northern ocean ſtretches to the northward of pet Aſia, and 
America, toward the north pole. om 


i 


The Atlantic ocean lies between continents o Europe and Africa 
on the eaſt, and America on the welt. 


That part of the north Atlantic ocean, lying between Europe and 
America, is frequently called the We/tern ocean. | 


The Pacific ocean, or, as it is ſometimes called, the South Sea, is bounded 


by the weſtern and north-weſt ſhores of America, and by the eaſtern and 
- north-eaſt ſhores of Aſia. 


The Indian ocean waſhes the ſhores of the 8 al of Africa, and 
the ſouth of Aſia ; and is bounded on the eaſt by the Indian iſlands, New + 
Holland, and New Zeeland. 


The Southern ocean extends to the ſouthward of Africa ang America 
toward the-ſouth pole. FO, 


The northern and ſouthern continents not being ſufficiently known to 
Geographers, all that need be ſaid of them is, that the Terra Arctica, or 
land to the northward of Hudſon's Bay and Greenland, is in | hr too 
cold for the reſidence of mankind ; and that the lands formerly ſuppoſed 
to be parts of the ſouthern continent, are found to be ve 7 large iſlands : 
vis. New Zeeland is much larger than Great Britain, and has a ſtrait di- 


viding it into two iſlands. New Holland is an iſland as large as Europe. 

New Guinea is a very large iſland ; and New Britain is a cluſter of large 

and ſmall iſlands, and are thought by ſome to be the iſlands hitherto Sg 
5 the Solomon's iſlands, | 


Aa 3 SECTION 


| Countries. [poſition. Le Cities. | Rivers. p00 Mountains. 


IE. Turkey 8. E. [Conſtantinople Bake 1 2 eee Nd. 
IK. Poland | Mid. Warſaw , Dancks - N. N.W. 955 athian Sd. 
E. Muſcovy N. E Moſcow Volga E. to 8. B ns: Ma Sd. 
E. Ruſſia bt oats Peterſburg Neiper 8. 2 — Wd. 
K. Sweden N. Stockholm {Dalecarlia | E. Dofrine Wd./ 
K. Norway N. N. W. Bergen [Glama 1 Dotrine Ed. 
K. Denmark N. W. Copenhagen [Eyder . | 
K. Hungary. | Mid. Preſburg Danube S. E. Carpathian Nd. 
E. Germany {| Mid. Viens 1 752 | E. Alps 8d. 
— — Po B., N. 
Lay S. Rome 12 Tyber 1 275 A eine Mid. 
Fi R. Switzerland Mid. Bern {Rhine W. i Ps BR 84. 
Netherlands | W. Bruſſels [Macſe r 
R. Holland W. Amſterdam ne N. N. W.“ 
| % [2 ole” LY, | Loire N. to W. P renees 8. W. 
K. France r fy 8 Alps Ed. 
K. Spain S. W. [Madrid Tagus W. Pyrenees N. E. 
K. Portugal S. W. [Lifhonm — [Tagus W. [C. Rocca W. 
. 9 5 W. London Thames E. [Malvern N. W. 
K. Scotland W. [Edinborgh JForth E. [Grampian Nd.“ 
. 1 Ireland LW. Dublin —— s. W. Knockpatrie 
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„ TREEELO Nb a 
"Of the Political diviſion of the Earth. 


34. By the political diviſion of the Earth is meant the afar 


Countries, Empires, Kingdoms, States, and other denominations eſta- 


bliſhed by men, either from the ambition of e, or for the ſake of 
55 good government. | Na | 


1 E UR Op E. 


Europe is bounded on the north by the northern, or frozen, ocean; on 
the caſt by Aſia; on the ſouth by the Mediterranean Sea, ſeparating 
Europe from Africa; and by the north Atlantic, or weſtern ocean, on 
the weſt, It lies between the latitudes of 36 and 72 degrees of north 


latitude ; and between the longitudes of 10. degrees weſt, and 6g degrees 


_ eaſt from London; is about 3000 miles long, reckoning from the N. E. 
FP to the S.W, and about 2500 miles broad. 


35. The countries, their poſition with regard to the middle- parts of 
Europe, the chief cities, principal rivers, with their courſes, and the moſt 


noted mountains, and what quarter of the country they are in, are ex- 
hibited in the following table; where E. ſtands for empire, K. for 1 . 


dam, R. for republic, Nd. for 3 Sc. 


3 


1 1 
ö — — n ab _ 8 


- 


” (4 . * 
1 133 | Es $5 


* 


- = * - 


155 There are in a Europe four Kingdoms, beſide thoſe enumerated above; ; 


blüt they are contained in the forenamed Countries. 


The Kingdom of Pruſſia, which is part of Poland 5 the King 8 roſie 


. fence is at Berlin, a city in Germany. 


1 2 | 8 A 
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The Kingdom of Bohemia, a part of Germany ; the chief city is Prague. 
The Kingdom of Sardinia, an Italian iſland; the King refides at 
Turin, a city in Italy, 

The Kingdom of the bicilies; appending to Italy; ; the King reſides at 
Naples, a city in Italy. 

In ſome of the forenamed countries are ſeveral dominions independent N 
one of the other; particularly in Germany and Italy. 


The principal States in Germany are the following 12; Wars D. ſtands | 
for —_— El. for electorate, P, for principality : 


States | D. Auſtria | K. Bohemia | El. Bavaria El. Brandenburg 


Ch. cities Triers | 


Ch. citiesf Vienna Prague Munich Berlin 
States El. Saxony | El. Hanover | El. Palatine | El. Mentz 
Oh. cities] Dreſden | Hanover Manheim Mentz 


Wurtemburg 


Cologne _Caffe] — 


— 


States | EI. Triers Sr Cologne | P. Heile Catlel 9 D. 


The principal States in Italy are the Following 12: 
States | D. Savoy b P. Piedmont | D. Milaneſe | D. Parmeſan 


Ch. cities barry Turin Milan Parma ; 
States | D.Modeneſe D. Mantuan R. Venice | R. Genoa 
Ch.cities | Modena | Mantua Venice Genoa 
States E Tuſcany ] Patriarchate WR; aca K. Naples 

N Ch. cities F lorence | Rome Sf bee Naples 


5 Tbe Engliſo Channel, between England and France. 


Illes. 


—_y 


& 


36. The principal * Gulfs, DE Bays in E urope, are 
The Mediterranean Sea, having Europe on the N. and Africa on the * 
The Adriatic Sea, between Italy and Turkey. 
Te Euxine, or Black Sea, in Turkey, between Europe and Aſa, 

The White Sea, in the N. N. W. parts of Muſcovy, 

The Baltic Sea, between Sweden, Denmark, and oland. 

The German Ocean, or Sea, between Germany and Britain, 


St. George's Channel, between Britain and Ireland. 

The Bay of Biſcay, formed between France and Spain, 
The Gulf of Bothnia, in the N. E. parts of Sweden. 

The Gu 7 of Finland, between Sweden and Ruſſia. 

The Gu. 4 f Venice, the N. W. end of the Adrjatic Sea, \ 


37. The principal I/lanis in Europe, are 8 
The Br 110 Hes; vis. Great Britain, Ireland, Orkneys, and Weſtern 


The Spaniſb 1 oh Maj Jorea, Minorca, Ivica, i in the Medit. Sea. 
7 alian * Siel y, Sardinia, Corſica, Lipari, in the Medit. Sea, 
\ Turkiſh Nas; Candia, Archipelago Iſles, in the Medit. Sea. 
Swediſh 2 ; Gothland, Oeland, Alan, Rugen, in the Baltic Sea. 
Danijh Illes; Zeland in the Baltie Sea; and Iceland, Faro Illes, E. and 
W. Greenlands in the Northern ocean. 
The Azores Mut in the Atlantic ocean, belonging to en 


998 QF 


— 
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38. The e continent of Aſia is bounded on the 0 6 by the Nele 


er frozen ocean, on the eaſt by the Pacific ocean, on the ſouth by the In- 


dian ocean, and by Africa and Europe on the weſt, It lies, including its 

iſlands, between the latitudes of 10 degrees ſouth, and 72 degrees north ; 

and is between the longitudes of 25 and 148 degrees eaſt of London; its 

length, excluſive of the iſles, bang about 4800 miles, and breadth about : 
| 


4320 miles. 


39. The ofthe and names of the chief countries, _— rivers , and 4, 
ne, are eie in the * table: : 5 


—— 


K. Korea 
JChineſe Tartary 
Mongalia _ 
K. Thibet 


Uſbecs 
Karazm 
Kalmucks 


E. Siberia 
IE. Turkey 


K. Syria 
Arabia 


E. Perſia 
{India Weſt of 

the Ganges 

_ {India Eaſt of 
| 4 the Ganges 


Bukharia, or 


+ 


4 |: 
7 
Poſition. Chief Cities. Rivers. 
n 5 7 0 0 = 1 
(Pekin [|YellowR. 
8. E. | Nankin Kiam 
 ____ | C Canton Ta 
E. Kingkitau E | 
E. |Chynian Yamour 
Mid. |Kudak {Yellow R. 
Mid. Eſkerdu |Yaru-: 
© Mid. Samarkand Amu 
Mid. |Urjenz- © Amu 
Mid, | Y Ak ang 
3 Aſtracan Jeniſka 
W. Smyrna Eupghrates 
| W. Aleppo Euphrates 
S. W. Medina Euphrates 
| Te. xus 
1 10 «ban | 4 Araxes 
| 8. Agra Indus 
1 Delli Ganges 
PIE Ava Domea 
4, 8. Pegu Mecon 
| * [Stam {Menan _. 
3 — OO. ILL 


Courle 18 Mountains. 
S. to E. | Ottorocoran Nd. 
So Be. SEG 
S. [Shanalin 
N. E. to een 
N. to W. 28 
: E. Lautes n 1 : 
N. W. Belurlag - | | 
S. W. Irder 5 
by Tubratubuſlok | 
. 
S. F. K ˙ -:;- f - 
8. Lebanon 
8. E. Gabel el ared | 
W. {Caucaſus © 
8. W. Taurus 
S. W. Caucaſus | 
S. W. Balagate | 
"x one. f 
8. * ob e 


93 m—_— 


Countries 


* 


2 


Aſiatic i contains 


2 
—— CEC 


-  Same-c of theſe countries contain ſeveral others, 5 


Geargis N. | Turcomania E, | CurdiſtanE E. | Diarbec x. 
I or Armenia | or Aff Tia | 
Ch. cities Teſſis S Erzerum |; Betlis | Mouſol | 
Eonntce 1 Eyraca 8. E.] Arabia deſert 8. Natolia W. | Syria W. 
Ch, cities „ Smyrna Mer 


nou gs 


1 _ 


Ch. cities 


| ; | Candy 


> 
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India weſt of the Ganges contains 


N Countries Indoſtan N. | . 8 W. | Bengala S. E, 
Fart. Ich. cities | Delli Lan rana 
e Countries Decan „„ OW. ISO: 
. | or Viſapour or Carnate 
whit Ch. cities | Goa ICalcut and Cochin | | 
2 ůßK—5v—t 7 | 
Eng Countries Biſnagar K. Golconda © K. © 
Coromandel. Carnate, E. ſide | | ry” 
Coaſt Ch. cities | Madras || Golconda FJ Orixa 
5 | India eaſt of the Ganges contains | 
Countries K. Ava N. W. | K. Pegu | K.SiamS. | K. Malacca 8. 
Ava F Pegu Siam Malacca 
| Countries K. mbodia S.] K. Cochin Chin E. K. Laos N. K. Tonquin N. E. E. | 
. cities Ne # 5 Thoanoa ; Lanchan _ Reecto 5 


40. The principal Seas, Gulfs, and Bays in Ala, are 


pin Sea, quite ſurrounded by Siberia on the North, Korazm eaſt, by 
rſia on the ſouth, and by Georgia on the weſt. N 
Korean Sea, between Korea and the iſlands of Japan. 

Yellow Sea, between China and the Japan iſles. 

Gulf of Cochin China, on the borders of Tonquin and Cochin China. 
Bay of Siam, formed by the countries of Siam and Malacca. 

Bay of Bengal, between India eaſt, and India weſt of the Ganges, 
6 of Perf ba, having Perſia on che N. E. and Arabia on the 8. W 


41. The . Wands belonging to . are 


Tadrone, or Marian Ifes, whoſe chief iſland is Guam. 
] Tonſa + -- 


Ch. iſles | Japan | Bongo 
Japan ies 4 Ch. cities {| Jeddo Bongo: ' | Tonſa 
1... Ch. iſſes {| Luconia | Mindanao Samar 
P DUTPprnes 1 cities N Manilla Mindanao | Wee 
C. iſles | Formoa | Ainan | Makao 
Ching es Cb. cities Taywanfu | Tan . 2 Makau 
3 Ch. iſles | Celebes Gilolo | Ceram © 
| 1 87 - Ch. cities | Macaſſer Gilolo [ Amba 
1810 Fh. iſles Borneo Sumatra © | 
Pw er | Ch. Cities 4 — . 122 FR * 
7 8 5 


The 1 her to-the weſt of Siam, 

| Nicobar Iſlands weſt of Malacca. | | 
Maldive Tflands to the 8. W. of Biſnagar. | > 
The ws of 9 8. E, of Aar z the chief city is Candy, or 


OF 


3 


OY 


OF AFRICA 


- 
* . 
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42. This large continent is a peninſula, joined to Afia by the Iſthmus 
of Suez. On the N. E. it is ſeparated. from Aſia by the Red Sea; it has 
the Indian Ocean on the eaſt, the Southerg on the ſouth, the Atlantic on 


the weſt, and the Mediterranean Sea on the north, which ſeparates it 
from Europe. It is fituated between the latitudes of 37 
35 degrees S.; and between the longitudes of 18 degrees 
grees E. from London; is about 4300 miles long, and 4200 miles broad. 
43. The poſitions and names of the chief countrie 
mountains, are contained in the following table: 


7 


rees N. and 
and 50 de- 


$, Cities, riyers, and 


. 
* 


Many parts of the Coaſt of Africa are ſubje& to the European nations: 
Thus the Kingdoms of Algiers, Tunis, Tripoli, Barca, and Egypt, are 
_$* Sither 1 4 to the Ottoman, or Turkiſh empire, or acknowledge theme 

c er its protection. 5 „ 
4 


ſelves un 


* 


: 


96 
of „ 


J „ 1 "70 
5 Countries. Poſnion Chief Cities Rivers. Mountains. 
ö % . : IRE” g IS | 
E. Morceco W. N $f Atlas 3 
Algiers Algiers [Atlas 4 
Tunis Tunis | Bagrada Atlas 3 
Tripeli J. Tripoli Atlas 
Barca Docra ; Meies a 
* nb ; | pro Gianadel . 
. a | WIE „ 4 | N 
be, x, [ambanarjanſNte— . 
ii Adea Madadoxa 3 0 
Zanguebar 7, Melinda E. S. K“ a 
Sofalaa S8. E. Sofala E. Amara | 
fTerra de Natal 8. E. Natal Ist. Eſprit | E. {Amara 
 {Cafraria Cape Town | S:. Chriſtopher] E. Table 
Mataman 8. W. | | W. Sunda 
K. Benguela S. S. W. Benguela W. [Sunda ö 
Angola S. W. Loando W. Sunda | 
K. Congo S. W. St. Salvador 4 S. W. {Sunda “ 
Loange 8. W. Loango IS. W. St. Eſprit 
iafgra 8. W. Biafara Camerones S. W. St. Eſprit 
K. Benin S8. W. Benin Formoſa SW fs 
Guinea 8. W. Cape Coaſt g | Sierra Leon 
Mandinga- W. James Fort O. Verd 
Feng W. - |Sanhaga D 
Iudulgerid Mid. N. Dara Atlas 
Pa Zuenzega V 
INubia [ Mid, Nubia N 
Negroland Tombute 1 * 
7 inter. Chaxumo „ 1; 
onomugi Merango Cuama Luna 
. Monomotapa| Mid. S, [Morgar _ . [Amara | 


Abyſſinla 


of 


* 
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Abyſfinia i is governed by its own Emperor. _ 
Ajan or Anian is peopled by a few wild Arabs, 
In  Zanguebar and Sofala, the Portugyeſe have many black Prince 


tributary to them, 


Cafraria, or the eounty of the Hottentots, belongs to the Dutch. 
The ſea coaſts of Guinea are uſually diſtinguiſhed by the names of the 
Slave Coafi, Gold Coaſt, Iuary Coaſt, Grain Coaſt, and Sierra Leon. 


The ngliſh, Duteb, French, Portugueſe, and others, have ſeveral 
' ſettlements along theſe coaſts, and even many miles up the country, par- 


ticularly the En * on the rivers Gambia and Senegal. 
In the gene 


n the een of which are not known to Geographers, : 


44. The principal an, Gul I and Bays i in Africa, are 


| The Red ea, between Africa and Aſia: It waſhes the coaſt of his: 
117 bia on the Aſiatic ſide, and the coaſts of Egypt and 


5 Abyſſinia on the African fide. 

Moſambique Sea, between Africa and the iſland of Madagaſcar eaſtward, 
| Saldanna Bay in Cafraria, on the Ethiopic Ocean. | 
mew of Benin on the coaſt of Guinea, in the Ethiopic Ocean. 


4 5. The 8 African Whand, are 


| Chief iſles, [Chic T Towns, Il Situation, 
8 | | | 2 
Madeira iſles | Madeira * Tunchel N. Atlantic Ocean 
Canary iſles Canaria ñ Palma N. Atlantic Ocean 
C. Verd iſles | St, Jago i St., Jg i N. Atlantie Ocean 
_ Ethiopian iſles | St. Helena F. 5 Ethiopic Ocean 
Komora ifles Johanna * Demani Indian Ocean 
HSatotora Hes Zocotora | Calanſia | Indian Ocean 
| Amiranti e ; 7 But littleſcnown. Indian Ocean 


The iMand of Madagaſcar, one of the largeſt i in the world, lies in the 


Indian Ocean: It is divided into a multitude of little Rates ; 3 ſome of 
them formed by the European privateers, an their ſucceſſors ceiconded 
rom a mixture with the natives. 

The iſlands of Bourbon and Mauritius lie in the Indian Ocean, to the 


55 oy” of Madagaſcar ; theſe belon ng to the French. - 


The Madeiras, and Cape de Verd Iſles, belong to the Portugueſe, 
The Nn Iſles 4 to 5 3 Sf Helena t to England, 0 


table the countries are taken in a very large ſenſe; for 
many of them contain a great number of ſtates independent one of the 
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OF AMERICA. | 


46. This vaſt continent, called by fore the . TY "IO p 
- diſcovered by the Europeans ſince the year 1492, is uſually divided into 
_ two parts, one called North, and the other South Ameries, being ed : 
to one another by the Ithmus of Darien. 
North America lies between the latitudes of 10 degrees and 80 de- 
: deore north; and chiefly between the longitudes of 50 degrees and 130 
grees weſt of London; is about 4200 miles from north to ſouth, and 
about 4800 from eaſt to weſt. It is bounded on the eaſt by the north 
Atlantic Ocean, by the Gulf of Mexico on the ſouth, on the weſt by 
the Pacific Qcean, and by ne Northern continent and Mean to the 
northward. | 
South America is bounded on the eaft by the ſouth Atlantic Ocean, by 
the Southern Ocean to the ſouth, by the Pacific Ocean on the weſt, and 
on the north by the Caribbean Sea,” It lies between the latitudes of 12 
degrees north, and 56 degrees ſouth; and between the longitudes of 45 
degrees and 83 degrees weſt from London ; v Is about * OA Mugs | 
and about 2200 miles in breadth. | 
47. The poſitions and names of the chief 3 altes rivers, and | 
= 9 in North America, are in — following _ . 


* 4 n * 1 
F 8 — — i 44” 8 8 8 8 
— — ' — — — 


1 1 1 "x 5 
Countries. Poſition. "Chief Cites. | \Rive:s, | Courle. - Mountains. 


5 | | | | 
[ e 2 4 © W 5 


1 
FIR a. A. Adi... F * 


California 3 St. Juan . 
New Mexico. 8. {Sainte Be: i Is. River 
Old Mexico 8. W. Mexico |Panuco;-. 3 
| r „ N e! Miffiſſipi a (4 
Florida J. 8. St. Aenne St. John IN. to E. an: . 
Georgi 8. S. E. Savannah Alatamaha JE. S. E. Apalachian 
Carolina S. E. Charles "Town Aſhly 1 Apalachian,, 
Virginia E. Vue Town Powtomack S. E. | Apalachian 
Maryland E. Annapolis IPowtomack S. E. Apalathian -- 
Penſylvania E. [Philadelphia  [Delawar | 8. In 
3 IE. New e ae, . Ii 
ew England} E. Beton _ 4ConneQicut || 8. nes þ 
Nova Scotia N. E. Halifax . John 8. 8. E. Takes DET 
Canada Mid. Quebec 8m. * I 
| New Britain N. N. E. Fort Rupert Ru r TEE 
| — bb |York Fort | Nele on | 1 — EO 


California, OW Mexico, Fay New Mexico, Louiſans 8 F Hotida, 1 . | 
long to Spain. 


Georgia, Carolina, Virginia, Maryland, Penſylvania, the erſe and 
New England, form the United States of America. 5 5 15 


_ Nova 1 TO, New Britain, and N ew e belong to abe, 


In South Ameiich the W and names of the chief countries, cities, 
rivers, and mountains, are as dane: KS! | 


} 


2 * oY PR : . * * * „ * 


ve A. > | [1 — — 

Countries. Poſition. Chief Cities. . Rivers. | Courſe. | Mann 
Terra Firma. | N. Panama Oronoque IN. E. | f 
S . ane Chuquimayo W. N. W.] Andes 
Chili 8. . St, Jago PValpariſo JW. Andes 

Patagonia 1 S, Deſaguadero 8. Andes ; 
La Plata S8. E. Mia Ayres |La Plata 1. 8. [Andes | 
Paraguay | Mid. jAſſumption [Paragua 8. | 
. St. Salvador Rio Real N. E. | . | 

_ Amazonia Mid. {Amazons SET IK i 

Rp Guiana _ . [Surinam _ L N. N. RKI PL 


Terra Firma, Peru Chili, La Plata, and Paraguay, are in the e poſſeſion 


Ff the Spaniards. 


Brafil belongs to the Portu ueſe. 
Patagonia, Amazonia, and Guiana, are poſſeſſed by the native indians, 


French ſome parts of F ho coaſts of Guiana, in the hands of the Dutch and 
- FTENCN, 


48. The lt Seas, Gul 55 * Bays in onde, 


The Caribbean Sea, bounded by Terra Firma on the ſouth, and a range 
. of iſlands on the north and eaſt. 

Gul If of * formed by Old Mexico, Louiſiana, and Florida. 
Bay of Campeachy, part of the Gulf of Mexico, on the Mexican coaſt. 
Bay of Honduras, part of the Caribbean Sea, next to Mexico. 
Bay of Panama, in the Pacific Ocean, next the Iſthmus of Darien. 
Bay of California, in the Pacific Ocean, having California on the weſt. 
Bay of Fundy, in Nova Scotia, north Atlantic Ocean. 


_ Gul if 7 St, Lawrence, in-the North Atlantic Ocean, bounded by Nora 


Scotia, New Britain, and ſome iſlands ealtward 
and ſouth-eaſtward. 


J Hu 5 Boy, between New Britain E. and New Wales W. 


49. The 35. American Wands | in the Atlantic Ocean. 


' Newfoundland, and Cape Breton, eaſt of the Gulf of St. Lawrence. 
Bermudas, or Summer Fae eaſt of Carolina. x 
Bahama Illes ſouth eaſt of Florida, _ 

5 (Cuba ch. town Havanna Aying 1 
Great Antilles \ Hiſpanic ch. town St. Domingo Mexican Gulf, an 
F Jamaica ch. town Kingſton. 

© Caribbee Les, bounding the Caribbean Sea on the E. and N. E. 
F Antilles, on the N, N. E. of Terra Firma, in the Caribbee Sea. 

erra del Fuego, on the ſoüth of Patagonia, i in the Southern Ocean. 
. Les, * N. W. of Peru 1 in the Pacific Ocean. | 


error 


N. of the Car. Sei. 


14 F 
Ti 
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; Exam. II. What is the difference 


_ _Lizard's lat. J. 
Madeira's lat. 34 38 N. | 
a : 7 E 


Diff. lat. 


Tat. in 
„ 


155 N C'T.I 


GEOGRAPHY. 


Book VI. 


ON IV. 


| : Geographical Problems. 


FE 50. PROBLEM I. Given the latitudes of two places: 


© Required their difference of latitude. 


Cs I; When the latitudes of the | 


given places have the ſame name" 


Ro LE. Subtract the leſſer latitude 


from the greater, the remainder is 
te difference of latitude, 
ExAM. I. What is the difference of 
latitude betiueen London and Rome? 


London's lat. 51 317 N. 
- \ Rome's late 41 54 N. 
577 miles. 
— — | 


of latitude between the Lizard and the 
[land of Madeira? . * 


4% M N. 


Diff. lat. ; Wet 
| Ex Aki. III. hat is the difference 


7 latitude between the os of St. 
1 Go 


elena and the Cape of Good Hope ? 
C. Good Hope'slat. 34% 29 8. 
St. Helena's lat, 15 55 8. | 


titude of 4.3* 18 N. is come to the lat. 


F 34 40 N. Required the diff. of 
| 7,340.49 | N fo 


Lat. from 43? 180 NM. 


34 49 N. 


— ſ—[—Gũ—— — 


> 1 ty | | 
| Diff. lat. | | 2 52 | 


17 19=1039m. | 


18 34=1114m. | Diff. lat. 


Exam. IV. A hip from the lati- 


Cs II. When the latitudes of the 

given places have contrary names: 
RuLE. Add the latitudes together, 

and the ſum will be the difference 

of latitude. 5 1 

Ex AM. I. Required the iff of latr 

between C. Finiſterre and C. St. Rogue. 

Ce. Finiſterre lat. 42 p52 N. 

1 C. St. Roque lat. r 


| = | 2872 miles. | | 
| Exani, II. I hat is the differenct 
of latitude-between the Iſland Bar- 


{badoes and C. Negro? 


I. of Barbadoes's lat. 1 30 co N. 1 


C. Negro's lat. : 16 30 8. 5 8 
Diff. lat. 29 30=17 7m 


| Ex AM. III. TN the: fe | 
rence of latitude between Cape Horn 
and Cape Corientes in Mexico. | 
Cape Horn's lat. 55% 59'S... 
C. Corientes's lat. 20 18 N. 
| 76 17,55 jm. 
Exam IV. A ſhip from the lat. of 
8 28/ S. has ſailed north to the 14 
6” 2 5 N. Required the diff. of lati- 
tu 7 Fs 5 


8 29 om. 


| Lat frow g 28/8. 
A 6 45 N. 
| Wd „ 
| Dif, a 15 13==913m, 


The ſituation of about 1 500 particular places are contained in a Geo- 
graphical Table, Art. 137, at the end of this book; where the. latitudes 


MA 0 5 * ” MC) þ , . 
, 
= : * 


3 © 
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and longitudes of places are to be ſought, as they follow in alphabetical 
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Book VI. 
51. PROBLEM II. Given the latitude of one plade, and the difference of 


latitude between it and another: 
Required the latitude of the latter place. 


CAS I. When the given latitude 
and difference of latitude have the 
fame name: „ 


RuLe. To the given latitude add 


the degrees and minutes in the diff. 
of latitude, that ſum is the other 
latitude, of the ſame name. 


. 


L 


5 Exam. I. A Hip from the latitude 
of 38* 14' N. ſails north till ber dif- 


ference of latitude is 12 32' ; What 


latitude is ſhe come to? 


—— 


Lat. from 380 14 N. 
Di r. 12 32 N. 
lat. in 50 46 N. 


Ex Ax. U. A ſhip rom the and 
of Aſcenſion runs 0 till her aff. 
latitude 1s 5? 37 : What is the 

ie pipe 


preſent latitude of | 
I. Aſcenſion's lat. 7 568. 
Diff. lat. 3 8 

Ship's lat. 12 3 3 8. 


Ex xi. III. 4 hip from the iſland 


of Madeira ſails M 675 miles: What 
lat. is ſhe in? „„ 9 

4 ee 32* 387 N. 

| Diff, lat, G8 (I. 22)==11 156 N. 
Ship's lat. 3 1 N. 


—— IS > om —_—_—_ 


1 Exam. IV. ' Three days ago we 
were in the latitude of the Cape of 
Good Hope, and have run each day 
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CAsE II. When the given lati- 
tude and difference of latitude have © 
contrary names: 

RuLE., Take the difference be- 
tween the given latitude, and the 
degrees atid minutes in the diff of 
latitude, the remainder is the other 
e name with tke 
„ 1 
Exam, I. A ſhip from the latitude 
of 38* 147 N. ſails ſouth till her dif- 


ference of latitude is 12* 32/ ; What 

latitude is ſbe come tos 

| Lat. from 38 014 N. 
Diff. lat. | 32 34 8. 
Lat, in 25 42 N. 


Exam, II. A Hip from the ifland 
Aſcenſion runs north till her diff. 


lat. is 5* 37“: What is the preſent 
{latitude of the ſhip? Te 
I. Aſcenſion's lat. 7 5678. 

2 DMEM. 5 37 N. 

| Ship's lat. 2 19 8. 


Exam. III. 4 ſpip r 
Leona ſails S. 8 39 miles ; What lati- 


tude is ſhe in? 8 
Sierra Leon's lat. 8 300 N. 
ib la. 239, 5 
5 lat. 1 (I 22) 213 59 8. 
Ship's lat. 5 29 8. 


Exam. IV. Four days ago we 
were in the latitude of the ifland of 
St. Matthew, and ſailed due north 6 


92 miles aiyeftly S. A hat is our pre- miles an hour : What latitude is the 


fent latitude ? | ſhip in? 
C. Good Hope's lat. 34 29 8.] St. N lat. 1 33 8. 
Tv; 2X3, A X24X4,. 
Di, lat, 2 (1. 22)= 4 36 8. Diff. lat. 68 4(L. 2) 36 N. 
Preſent latitude 39 oi S.| Ship's latitude 8 13 N. 


— 


52. Page 
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244 vel to be to he callward of Lond. 


32. ProBLEM, IE... Given the hngitudes of too places : "1 
|. Required their difference of longitude. 
Ruiz. If the Pn, are of the fame name, their difference is the 
difference of longitude required. 
But if the longitudes are of dif 
e.nce of longitude, _ 
And if this ſum exceed 180 degrees, take it from 360 degrees and 
there will remain the difference of longitude. . 


2 itude between, London and . of I. N between St. Chriſtopher's 

ples © | 3 ſand Cape Negro. 

London's 3 65 0-06 | St. Chriſtopher's long. 62ů 54 W. 
Naples? long. - 9B, | ©. Negro's long. 11 30 R. 
| Dis, fon . 14 1 5 Diff. * 1 Lbs. th" 

. 3 2 longh Ws 
9 855 259 1 5 4464 miles, 


1 — 
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erent names, their ſur is the differ- 7 


Exane. I. Required the difference] Exam.IV. Required the difference 


ExAM. U. 4 ſhip in in lngitude 14 Racks v. 4 ſhip in longitude by 


45 V. is 2 a port in longitude 140% 200 W. ts bound to a place in 


48 18 weft: What aff. of longitude ex 139? 35 E. what di ffs of 
_ ſhe make? | longitude muſi ſhe makes 
Ship's long. 3 4840 W. hip's long. 140% 20 W. 
Long. bound to e 18 W. | 3 139 35 E. bs 
. | . 193-53 F)) | o% 0 
+ E 360. 00 
201 2013 2013. miles. by Dif longitude e 130-3 


in UI. hat is 15 is the dj ference | Exam, VI. What is the difference 


Wd longitude between Cape Gardafui ir | of longitude between Cape Horn and 


" end Cape Comprin® sn | Manila 2 ? 
C. Gardafuir*s long. 50 25/E, Cape Horn's s long. 67⁰ 217 W. 
C. Comorin's long. 78 17 E. Manila” * 42 38 E. 
, 
* 3 6 | | 5 36 0 
1672 miles. Diff. agi, 171 41 


© Boinetimes the diff, lon- between 3 places is eſtimated by the diff. of 


time, allowing an hour to every 15 degrees of longitude, and one min. of 


time for every 15 min. of a deg. or a dep. for every 4 min. of time. 


FE xAM. At 6 b. 48 m. P. M. having obſerved at ſea a certain appearance 
in the beavens, which I knew was ſeen the ſame inſtant at 3h. 25 m. P. M. 
in Londen: Required the diff. longitude between the be of n. 


From Gh. 8 5 3 h. = 45 
Take 3 38 3 


Remain 313 = diff, üme. Sum 48 1 ar longs 


And becauſe the hour of appearance at London was | Was leaf, thereſote 1 know . 


33. Pe- 


* 
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53. ProBLEM IV. Given the bag tudo If, one place, and the diffirence | 


GEOGRAPH v. 345. 


of longitude between that and another. 
Required the longitude of the ſecond place. 


Nor. If the given longitude and 


difference of longitude are of con- 


3 75 trary names, their difference is the longitude required; and is 

of the ſame name with the greater. 
"Bur if the given longitude and difference of longitude are of the 
+ | "ſame name; the ſum is the 74, eh ſought, of the ſame name 


with the given place. 


And if the ſum is greater 


TI l 


than 180 degrees, take it from 369 


degrees, and there will remain the longitude e of a 
contrary name to that of the given place. | 


| . 1.4 | ſhip Tom the lon- 
gitud: of 41* 12 F. ſails weſtware 
- _ hex . difference of longitude is 
* : What. is oor e longi-\ 


« a 35 
Ship's longitade | 41 12E.| 
„ 15 4% W. 
"Pref e 25 25 E. 
| Exan, bs A bio Ho: Cope | 


Obarles, in Virginia, ſails eaſtward 
| antil 'ſbe has altered her bongitutle 22% 
53': What longitude 1 is Tie 3 


"6 Charles? Fe 7 1 | 
Diff. long. } | 7 1 
5 1 — 


| ' Ship's long: 


1 


3 K I. "Daw 1 ago 7 hi 


parted frem C. St. Sebaſtian, in ** 


 dagaſcar, and I have made each day 
75 5 — 3 eaſt longitude : 105078 


14 
— — « 


8 W login | rr: 


Exam. IV. A hip From Gs 


Finiſterre . weſtward, and finds 
ſhe bas altered her longitude 587 
miles : : What hngitude i FL ſhe arrived 


in? 


C. piniſterre- 5 long. 9 12 W. 
Diff. Ion. 287 W. 

8 $4 51 1 the 72 
* Long, in | ; | = 59 W. 


Ex AM. v. A ſhip from Cape 8 87. 
Lucar, in California, has made 87. 
18 of weſt longitude: II hat longitude 
is he in? 


WY 


C. St. Lucar's 2 5 1090 of W 

„Vi es- ee 
£ 300 0 

163 02 . 


—ů—ů 


longitude was 172 17' M. and 1 
have made each day 132 miles of weſt 
longitude Required my . lon- 


e e heiß! is in 105 gitude? 
7 IF 91 14 1055 Departed long. 172 1 \ 
95 Seba. lng. 46 30 $ * 70am Pitt. long. 5 24 W. 
WP Dif, Jong. ry 5 $8.2 BP E, I *% 
6,0)300 5, r 41 
Pap ing. | 51 30 E. — 3060 00. 
1 i 


8 7187 1 


v5. allo COLO Uk. 


1 73 


Preſent log 172 19 E. 
1 SECTION 


18 W. 


Ex Ihi. VI. Seven days age my 
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4. Of the Uſe if the liber 


By the globes are here meant two ſpherical bodies, called the Ter- 
reſtrial and Celeſtial Globes, the convex ſurfaces of which are ſuppoſed to 
give a true repreſentation of the earth and heavens.  * _ | 
The TxxRESTRIAL GLOBE has delineated on its convexity the whole 
| ſurface of the earth and ſea in their relative ſize, form, and ſituation. 2 

The CELESTIAL GLOBE has drawn on its ſurface the images of the 
ſeveral conſtellations and ſtars; the relative magnitude and poſition which 
| the ſtars are obſerved to have in the heavens, being preſerved on this 
| . The globes are fitted Pa, certain machinery, by means of 'which a 


great variety of uſeful problems are neatly ſolved. _ © ©. dane 


4 2 I 5 3 
The BRAZEN MERIDIAN is that ring, or hoop, in which the globe 


hangs on its axis; which is repreſented by two wires paſſing through its 
poles. This circle is divided into four quarters, of oe each; in one ſemi- 
_ Circle the diviſions begin at each pole, and end at 90, where they meet. 
In the other ſemicircle, the diviſions begin at the middle, and proceed 


thence toward each pole, where they end at 90 degrees. The graduated 


ſide of this, brazen circle ſerves as a meridian for any point on the fur- 
face of the earth, the globe being turned about till that point comes 

under the circle. | . „„ re 
Tue Hour Cixcrx is a ſmall circle of braſs, which is divided into 24 
hours, the quarters, and half quarters. It is fixed on the brazen meridian, 
equally diſtant from the north end of the axis, to which an index is fitted, 
that points out the diviſions of the hour circle as the globe is turned about. 
The Honxlzox is repreſented by the upper ſurface of the wooden cir- 


cular frame encompaſſing the globe about its middle. On this wooden 


frame is a kind of perpetual calendar, contained in ſeveral concentric 
circles: The inner one is divided into four quarters, of go degrees each: 
the next circle is divided into the twelve months, with the days in ea ch, 
according to the new ſtyle ; the next contains the 12 equal 18 of the 
Zodiac, each being divided into 30 degrees: the next is the 12 months and 
days, according to the old ſtyle; and there is another circle, containing 
the 32 winds, with their halves and quarters. Although theſe circles are 
on all horizons, yet their diſpoſition is not always the fame, - 
The QuapranT of ALTITUDE. is a thin ſtraight flip of braſs; one 
edge of which is graduated into go * and their quarters, equal to 
thoſe of the meridian. To one end of this is fixed a braſs nut and ferew, 
by which it is put on, and faſtened to the meridian: and if it · is fired to 
the zenith or pole of the horizon, then the graduated edge reprefents a 
vertical circle paſſing through any por. N 
Beſides theſe, there are ſeveral circles deſcribed on the ſurfaces of both 
globes; ſuch as the equinoctial, ecliptic, circles of longitude and right 
aſcenſion, the tropics, polar circles, parallels of lat. and deel. on the Te- 
leſtial globe; and on the terreſtrial, the equator, ecliptic, tropics, polar 
_ circles, parallels of latitude, hour circles, or meridians to every 15 degrees, 
and the fpiral thumbs flowing from ſeveral centers, called Flies. 


þ . 
%'s 
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V | 


er 


dne beginning of every ſucceſſivye 30 degrees 


N fought. 


* 


Do find the latitude and longitude of any place on the terreſtrial globe. 
ft, Bring the given place under that fide of the graduated brazen meri- 


ian where the degrees begin at the equator, by turning the globe about. ö 


24. Then the degree of the meridian over it ſhews the latitude. 
zd. And the degree of the equator under the merid. ſhews the long. 


On ſome globes the longitude is reckoned on the equator from the 


meridian where it begins, eaſtward only, until it ends at 360%: On ſuch 
globes, when the longitude of a place exceeds 180), take it from 360, 


aud call the remainder the longitude weſtward, 


56. PROBLEM II. 


To find any place on the globe, the latitude and longitude of which are given. 


xt. Bring the given longitude, found on the equator, to the meridian. - 
2d. Then under the given latitude, found on the meridian, is the place 


SCC EOCL.K AM BL 

gs find the diſtance and bearing of any two given places on the globe. 15 
Iſt. Lay the graduated edge of the quadrant of altitude over both 

places, the beginning, or o degree, being on one of them, and the de- 

grees between them ſhew their diſtance ; theſe degrees, multipled by 60, 

give fea miles, and by 70 give the diſtance in land miles nearly; or 

multiplied by 20, give leagues. _ „ 
2d. Obſerve, while the quadrant lies in this poſition, what rhumb of 


the neareſt fly, or compaſs, runs moſtly parallel to the edge of the quay 


drant, and that rbumb ſhews the bearing ſought, nearly. 


J)). ĩ 


. A. To find the Sun's place and declination on any day. 2 | 
| rſt. Seek the given day in the circle of months on the horizon, and 


5 right againſt it in the circle of ſigns is the Sun's place. 


Thus it will be found that the Sun enters 0 
The ſpring ſigns, Aries, March 20. Taurus, April 20. Gemini, May 21, 


De ſummer ſigns, Cancer, June 21. Leo, July 23. Virgo, Aug. 23. 


Autumnal figns, Libra, Sept. 22. Scorpio, Oct. 23. Sagittar. Nov. 22. 
The winter ſigns, Capric. Dec. 21. Aquarius, Jan. 20. Piſces, Feb. 18. 


2d. Seek the Sun's place in the ecliptic on the globe, bring that place 


to the meridian, and the diviſion it ſtands under is the Sun's decli nation 
on the given day. V 2 
| On the globes, the ecliptic is readily diſtinguiſhed fron the equator, 5 
not only by the different colours they are ſtained with, but alſo by the 


| ecliptic's approaching toward the poles, after its interſection with the 


equator. The marks of the ſigns are alſo put along the ecliptic, one ac 
rn. 


. 
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„ et PROBLEM | 8 85 
2 0. ref? iy the globe for the latitude, zenith, and neon. . 1 8 


— 250 get the globe upon an horizontal plane with its parts anſwering to 
thoſe of the world; move the meridian in its notches, by raiſing or de- 
preſſing the pole, until the degrees of latitude cut the horizon; then is 
the lobe rectiſied for the latitude. _ . 
2. Reckon the latitude from the equator towards the elevated pole, | 
there ſcrew the bevil edge of the nat belonging to the quadrant of alti- | 
| rude, and the rectification is made for the zenith, _ | 
3d. Bring the Sun's place (found by the laſt problem) to the metidian; ; 
_ ſet the index to the x11 at noon, or upper x11, 1 the 1 is rectified 
for the Sun' 8. e or noon. A 


„ 155 PROBLEM FF 


2 nd ae} the Sun i is vertical, at any given Has ina ive 11 


Iſt. Bring the Sun's place, found for the given day ( 58), to the meri- 

dian, and note the degree over it. 

2d. Bring the place, for which the time is given, to the meridian; and 

ſet the index to the 22 hour. . 
© 3d. Turn the globe till the index comes to 12 at noon, then the place 
under the- ſaid noted. degree has the Sun in the zenith at that time. % 

Ach. All the places that 15 under that degree, while the 4 is 
turned round, wil _"_ ihe un vertical to them on that day. vp 


7 21 6 45 PROBLEM VII. 


To find on what days the Sun will be root at any given ples, in TN 5 
torrid zone. 


1, Note the latitude of the given * on he eee 
2d. Turn the globe, and note what two points of the ecliptic paſs u un- 
der the latitude noted on the meridian. 
3d. Seek thoſe points of the ecliptic in the circte of ſigns on the TY | 
rizon, and et an uw fo in the l of $607k ſtand 0 2285 re- 


. } 


3 manner it il „ . 
A Illand of St. Helena on the 6th of Naveraber, and on the 4th of F ebruary. 
NS at. oe HER the 24th of April, and the 18th eee ; 


62. . PROBLEM V 
22 given bur 3 in a given places nfl what boar i it is in en 5 . 


95 ; — 

— Bring the place where the time is given to the meridian id 48 

| the index to the given hour. | 
24. Bring the other 8 place to che meridian; and the index ſhows. 

hp ſhove Forreſpoading to Sea Wn, ens F 

; * | 63. PRO. 
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At any given time to find all thoſe places of the Earth where the Sun is 
then riſing or ſetting, and where it is mid-day or midnight. e 
Find the place where the Sun is vertical at the given time (60), rectify 
the globe for the latitude of that place, and bring it to the meridian. 
Then all thoſe places, that are in the weitern half of the horizon, have 
the Sun riſing; and thoſe in the eaſtern half have it ſetting. . 
Thoſe under the meridian, above the horizon, have the Sun culminating, 
or noon ; and thoſe under the meridian, below the horizon, have midnight. 
Thoſe above the horizon have day; thoſe below it have night. = 


4349 


“ 
To find the angle of poſition of twa places, or the angle made by the merididx 

of one place, and a great circle paſſing through both places. 5 
Rectify for the latitude of one of the given places, and bring it to the 
meridian; there fix the quadrant of altitude, and ſet its graduated edge to 


the other place: then will that edge of the quadrant cut the horizon in 
the degree of poſition ſought. | Me Ik ( 


Thus, the angle of poſition at the Land's End to Barbadoes is ſouth 
 »712* weſterly: Put the angle of poſition at Barbadoes to the Land's End 
JJ Games eatery Io oi onus . 
Hence neither of thoſe poſitions can be the true bearing; for the rhumb 
paſſing through both places, will be oppoſite one way to what it is the 


n 7 PROBLEM KI. _ 
The latitude F any place not within the polar circle being given, to find the 
time of Sun-riſing and ſetting, and the length of the day and night. | 
Rectify for the latitude and the noon; bring the Sun's place to the 
eaſtern ſide of the horizon, and the index ſhews the time of riſing : the 
Sun's place being brought to the weſtern fide of the horizon, the index 
gives the ſetting. | Sd Es | 
Or, the time of riſing taken from 12 hours gives the time of ſetting, 
The time of ſetting being doubled gives the length of the day. 
And the time of riſing being doubled gives the length of the night. 
Thus, at London, on April 15th, the day is 132 hours; the night 10Z 
—A WHY 3 HEEIOTT pos ee * 


TJefud the length of the longeſt and ſhorts} days in any given Place. 


Rectify for the latitude ; bring the ſolſtitial point of that hemiſphere 
to the eaſtern part of the horizon, ſet the index to 12 at noon, turn the 
globe till the ſolſtitial point comes to the weſtern ſide of the horizon, 
tte hours paſt over by the index give the length of the longeit day or 
night; and its complement to 24 hours gives the length of the ſhor:eft 


B b 3 6). PRO- 
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night or day. 
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— 


1 firſt and ſecond quadrants of the ecliptic are cut by the north point of 


ews Wn he be- 
e begins 
to ſhine in the place propoſeec. ET OE OR SES) © 
8 lat. 717, the Sun never ſets from May 18 
to July 28, which is 74 days; and never riſes from November 16 tv 
9 days, _ . . 
undd, ante pci, am antipedes of any lla. 


7 SEE A FE % 


under the meridian in the given latitude is the place of the perizci ;. that 
is, of thoſe who have the ſame ſeaſons of the year, but oppoſite times of 
the. da .. | 3 . Ts 2 kh ; | 15 1 WEIR A Re | 

K The abe roddiclnl in this poſition, ſeek on the contrary fide of the, 
equator for the degrees of latitude given, and the point under the meri- 
dian, thus found, will be the antipodes to the given place; that is, there 
the ſeaſons of the year and times of the day are directly oppoſite to thoſe - 


of the given place. 1 2 
RR , 8 
To find the beginning and end of the twilight in any places 


Rectify the globe for the latitude, zenith, and non. 59) 
Seek the point of the ecliptic oppoſite to the Sun's. place, turn the 
globe and quadrant of altitude, till the ſaid oppoſite point of the ecliptic 
Rande againſt 18 degrees on the quadrant of altitude ; then will the in- 


dex they the beginning or end of the tpilight; that is, the beginning 
An the morning, when thoſe points meet in the weſtern hemiſphere; or 


A, 


the end in the evening, when the ſaid points meet in the eaſtern be- 
l 2 F 9 — 8 % | R 33 
PRO 
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70. PROBLEM XVI: 


The latitude of a place and day of the month being given, to find the Sun's © 


declination, meridian altitude, right aſcenſion, amplitude, oblique aſcenſion, 


aſcenſſunal difference z and thence the time of rife ng, ſetting length of the day ; 


and night. 


Rectify for the latitude and noon. Then, | | 

The degree of the meridian over the Sun's place is the dedlination;. 

The meridian altitude is ſhewn by the degrees the Sun is above the ho- 
'rizon ; and is equal to the ſum or diff of the co-Jat. and dec]. 

The Sun's right aſcen. is that degree of the equator under the meridian. 

Bring the Sun's place to the eaſtern part of the horizon, Then, 

The amplitude is that degree of the horizon oppoſite the Sun. 

The oblique aſcenſion is that degree of the equator cut by the horizon. 

The aſcen. diff. is the diff. between the right and oblique aſcenſions. 

The aſcen. diff, converted into time, will, give the time the Sun riſes 
before or after the hour of ſix, according as his amplitude is to the north - 


i 


ward or ſouthward of the eaſt poli of the horizon, 


5 P R OBL E M xvn. 
Given the latitude if the place and day of the month, to Fe the 92 un's al- 


titude and azimuth, either when he is due eaft'or wo, at60 'ench, or at. any 


other haur while hes is above the horizon. 


| Redify the globe for the latitude, zenith, oa noon. 


Set the quadrant of altitude to the eaſt point of the horizon, turn the 


— till the Sun's place comes to the quadrant's edge, and it ſhews the 
altitude, his azimuth being now 90?, and the index ſhews the hour. 
Turn the globe till the index points at 6, there ſtay it, and move the 


122 until its edge cuts the Sun's place; tlien the degrees at the Sun 


ew its altitude, and the degrees cut by the quadrant 1 in the horizon 
- ſhew the azimuth, reckoning from the north. 


In like manner, the globe being turned till the index is againſt any 
other hour, ſuppoſe 10 in the forenoon ; then, 


The graduated edge of the quadrant of altitude being turned to cut 


the Sun' 8 — will give both the altitude and azimuth at that time. 


72. 5 PROBLEM XVIII. 


ine the latitude, 40 of the month, and Sun's alain, to find the azi- 
muth and hour of the day. 


Rectify the globe for the: latitude, zenith, and noon. 
Turn the globe and quadrant, until the Sun's place coincide with the 
altitude on the graduated edge of the quadrant, 

Then will that edge of the quadrant cut the degrees of azimuth on the 


horizon, reckoned n the north; and the index will ſhew the hour of 
Bb4 173. PRO», 


e * 
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5 "PROBLEM. XX. 
= 5 9 5 7 e the latitude and longitude Wf any flor, 
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25 „PROBLEM CONIx. 


To repreſent the appearance of the heavens at any time: in a given Place. 


Rectify the celeſtial globe for the latitude, zenith, and noon, and turn 
the globe till the index points at the given hour. Then, - : 
he ftars in the eaſtern half of the horizon are riſing ; ; thoſe i in the 
weſtern are ſetting : and thoſe on the meridian are culminating. ; 
The quadrant being ſet to any given ſtar will ſhew its altitude, and at 


the ſame time its azimuth, reckoned on the horizon. 


Now by turning the globe round it will readily appear, what ſtars never 
ſet in that place, and what never riſe: thoſe of perpetual apparition never 
80 below the ret thoſe of perpetual abſence. never come add it. 


#2 > 


Pot the © center of the quadrant of altitude on the pole of the Apis, 
Andi its graduated edge on the given ſtar. Then, : 
| The latitude is ſhewn by the degrees between. the ediptic and ſtar. 

1 ah ec is the N cut on the Mat 0 the OR. Ye 


7 * the declination and right aſcenfun 1 a 4 


Bring the ſtar to the meridian, the degree over it is the declination; and 
"the os pln 'of the NY, under the meridian i is the e e 8 


05a oy * 8 its bong given plc, to os when a pile for rj rs 


' or culminates. TY 


8 aa 
nne en 


Rectify the globe or the Uatitude wy non. 

Bring the ar to the eaſtern ſide of. the horizon, and the 10 ſhews 
the time of its riſing. : 

Turn the globe till the dar comes to the e and the index fhews 
the time of its culminating z and i in like EE when it lets, the Une 
will be ſhewn by the inden. 8 7 715 

Its meridian altitude, oblique FELL Fa and nee difference, a are iN 
founl is Oe fave anaer uh Forte Bany ne Ary rx WAITE nc 
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rr  SREPLION YL. 
Of 4 nds. 
77. A FLv1D 1 is a AY the particles of which readily give way to any 
impreſſed force ; and by this readineſs of Nelding, the particles are ealily 


put into motion. 


Thus, not only liquids, but ſtreams or vapours, ſmoke or fumes, and 


__ others of the like kind, are reckoned as fluids. 


From all parts of the Earth e and fumes are conſtantly ariſing to 


Ge diſtance from its ſurface. 


This is known by obſervation ; it is cauſed chiefly by the heat of the 


Sun, and ſometimes by ſubterraneous fires ariſing from the accidental 
mixing of ſome bodies. 


Alx is a fine inviſible fluid ſurrounding the globe of the Earth, 
and extended to ſome miles above its ſurface, _ 
he ATMOSPHERE is that collection of air, and of bodies contained i in 


. it, which circumſcribes the Earth. 


79- From a multitude of experiments, air is found to be both heavy and 


ſpringy. Y 


By its weight it is capable of ſupporting other bodies, ſuch as vapours 
and fumes, in the ſame manner as wood is ſupported by water: 


» By its ſpringineſs or elaſticity a quantity of air is capable of being ex- 


panded, or of ſpreading, itſelt ſo as to fil a larger ſpace * ; and of _ 


| . _comprefied or confined in a ſmaller compaſs +. 


80. Air is compreſſed or condenſed by cold, and expanded or rarchied 

b heat. | 
Ibis is evident from a multitude of experiments. 

An alteration being made by heat or cold in any part of the atmoſphere, 
its neighbouring parts will be put in motion, by the. ee which the 
air always makes to reſtore itſelf to its former ate. 

For experiments ſhew, that condenſed or rarefied air will return to its 


; natural ſtate, when the cauſe of that condenſation or rarefaction is „ 
moved. 


81. Wind is a ſtream or current of air which may be felt; it uſually 


| blows from one part of the horizon to its oppoſite part. 


82. The horizon, beſide being divided into 360 degrees, like all other 


circles, is by mariners. ſuppoſed to be divided into four quadrants, called 


the north-eaſt, north-weſt, ſouth-eaſt, and ſouth-weſt quarters; each of 


theſe quarters they divide into eight equa) parts, called points, and each 


- Payne into four equal parts, called o quarter- points. TEST 

So that the horizon is divided into 32 poitits, which are called rhumbs, 
or winds; to each wind is aſſigned a name, which g from hat point 
of the horizon the wind blows, _ 

The points of North, South, Eaſt, and Weſt, are called carding! 
points; and are at the diſtance of 90 degrees or 8 points, from one an- 
r 


253 4 0 0 
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* Near 2, 14000 times. Wallis S 'H 700 p. 13. ty 


Into the , part. Phil. Tranſ. Ne 181. . 
95 W | 83. Winds 


n * 7 . al bo 


383. Winds are either conſtant or variable, general or particular, 
Conflant winds are ſuch as blow the ſame L. leaſt for one or more 
days; and variable winds are ſuch as frequently ſhift within a day. 

A general wind is that which blows the fame way over a large tract of 
1 ß mem coo pho tneet 

A particular wind is that which blows in any place, ſometimes one 

way, and ſometimes another, indifferently.  -- * 

Ik the wind blows gently, it is called a breeze; if it blows harder, it 

1 called a gale, or a Biff pale z and if it blows very hard, it is called a 
orm &. 3 | zj 5 

84. The following obſervations on the wind have been made by fkil. 

ful ſeamen; and particularly by the great Dr. Hallx. 

Iſt. Between the limits of 60 degrees, namely, from 30“ of north lati- 

tude to 30* of ſouth latitude, there is a conſtant eaſterly wind throughout 

E year, 1 the Atlantic and Pacific Oceans; and this is called 

og op oe 2 BER Fs ar TOR TEE 

For as the Sun, in moving from eaſt to weſt, heats the air more im- 

mediately under him, and thereby expands it; the air to the eaſtward is 

conſtantly ruſhing toward the weſt to teſtore the equilibrium, or natural 
fate of the atmoſphere; and this occafions a perpetual eafterly wind in 


” IJ 


| thoſe nien VF | 
2 eaſt; and near the ſouthern limits they blow between the ſouth and 


For as the air is expanded by the beat of the Sun near the equator z 


therefore the air from the northward and 'fouthward will both tend to- 


ward the equator to reſtore the equilibſium. Now thoſe motions from 
the north and ſouth, joined with the foregoing eaſterly motion, will pro- 
duce the motions obſerved near the ſaid limits between the north and eaſt, 
"And betweerſthe ſouth and aft, 
d. Theſe general motions of the wind are diſturbed on the continents, 
r STE WO SY 


Por the nature of the ſoil may cauſe the air to be either heated or 
cooled; and hence will ariſe motions that may be cantrary to the fore - 


ł—SLti , hoon 5 oe orga 
| 1. In ſome parts of the Indian ocean there are periodical winds, 
called MonsooNs; that i 


<q 


the other half-year the contrary way, 1 
For air that is cool and denſe, will force che warm and rarefied air in 
à continual ſtream upwards, where it muſt ſpread, itſelf to preſerve the 
"Equilibtium : ſo that the upper courſe or current of the air ſhall he con- 
trary to the under current; for the upper air muſt move from thoſa parts 
Where the greateſt heat is; and fo, by a kind of circulation, the N. E. 
trade-Wind below will be attended with a S. W. above; and a 8. E. be- 
low with a N. W. above: and this is confirmed by the experience of 
1 who, as ſoon as they get out of the trade-wihds, immediately 


5, ſuch as blow one half the year one way, and 


4 


Rd a wind blowing from the oppoſite quarter. © 


5 | 1 The ſwiſtneſs of the wind in a ſtorm is not more than 50 or 60 mile 5 in 
en hour; and à common briſk gale is about 15 miles an hour, | 


Sch. In 
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th. In the Atlantic ocean near the coafts of Africa, at about 10 
leagues from the ſhore, between the latitudes of 28 and 10 north, ſea- 
. men conſtantly meet with a freſh gale of wind blowing from the N. E. . 
6th. "Thoſe bound to the Caribee Iſlands, acroſs the Atlantic ocean, i 
find, as they approach the American fide, that the faid N. E. wind be. | 
comes eaſterly ; or ſeldom blows more than a point from the eaſt, either 
to the notthward or ſouthward.” | „ 
Theſe trade-winds, on the American fide, are extended to 30, 31, or 
even to 32 of N. latitude; which is about 4* farther than what they 
extend to on the African ſide. Alſo to the ſouthward of the equator, the 
trade-winds extend 3 or 4 degrees farther toward the coaft of Braſil on 
the American fide, than they do near the Cape of Good Hope on the 
African ſide. © 5 | e 1 8 


th. Bet 


2 


| een the latitudes of 4% North, and 4* South, the wind al- 
ways blows between the ſouth and eaſt: on the African fide the winds 
are neareſt to the ſouth z and on the American ſide neareſt to the eaſt, 
In theſe ſeas Dr. Halley obſerved, that when the wind was eaſtward, the 
. eather was gloomy, dark, and rainy, with hard gales of wind; but when 
| wa wind veered to the ſouthward, the weather generally became ſerene, j 
with gentle breezes next to a calm. = pe nl BL | ” 
Theſe winds are ſomewhat changed by the ſeaſons of the year ; for 

when the Sun is far northward, the Braſil S. E. wind gets to the ſouth, 1 
and the N. E. wind to the eaſt ; and when the Sun is far ſouth, the S. EF, . h 
wind gets to the eaſt, and the N. E. winds on this ſide of the equator veer it 
_ -— 8th. Along the coaſt of Guinea, from Sierra Leon to the Iſland of St. | 
e en the equator) which is above 500 leagues, the ſoutherly and | 
ſouth-weſt winds blow perpetually. For the S. E. trade-wind having = 
paſſed the equator, and approaching the Guinea coaſt within 80 or 100 
_ leagues, inclines toward the ſhore, and becomes ſouth, then S. E. and by 
degrees, as it comes near the land, it veers about to ſouth, S. S. W. and | 
in with the land it is S. W. and ſometimes W.S. W. This tract is | 
troubled with frequent calms, violent ſudden guſts of wind, called Torna- | ; 

does, blowing from all points of the horizon. 

= The reaſon why the wind ſets in weſt on the coaſt of Guinea, is, in 

all probability, owing to the nature of the coaſt, which being great] 

| heated by the Sun, rarefies the air exceedingly; and conſequently the cool 
air from off the ſea will keep ruſhing in to reſtore the equilibrium. 7 30 

- goth, Between the 4th and 1oth degrees of north latitude, and between 
the longitudes of Cape Verd, and the eaſtermoſt of the Cape Verd iſles, 

there is a tract of ſea which ſeems to be condemned to perpetual calms, 

- - attended with terrible thunder and lightnings, and ſuch frequent rains, 

that this part of the ſea is called the Rains. Ships in failing theſe 

6 _ have been ſometimes detained Whole months, as it is re- 

\ Pee cauſe of this ſeems to be, that the weſterly winds ſetting in on 
this coaſt, and meeting the general eaſterly wind in this tract, balance 


| Fach other, and ſo cauſe the calms; and the vapours carried thither by 
each wind meeting and condenſing, occaſion the almaſt conſtant rains. 


The 
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- -» The. laſt three obſervations.” ſhew. the reaſon of two things which 
mariners experience in failing from Europe to India, and in the Guinea 


* 93 K 27 . 


— 


Firſt. The difficulty which ſhips ir going to the ſouthward, eſpecially 
in the months of July and Auguſt, find in paſſing between the coaſt of 
Guinea and Brafil, notwithſtanding the width of this ſea is more than 
Joo leagues. This happens, becauſe the S. E. winds at that time of the 
ear commonly extend ſome degrees beyond the ordinary limits of 4 N. 
latitude; and beſides come ſo much ſoutherly, as to be ſometimes ſouth, 
ſometimes a point or two to the. weſt; it then only remains to ply to 
windward. And if, on the one fide, they ſteer W. S. W. they get a 
wind more and more eaſterly; but then there is a danger of falling in 
wich the Braſilian coaſt, or ſhoals; and if they ſteer E. S. E. they fall 
into the neighbourhood of the coaſt of Guinea, from whence they cannot 
- - depart without runing eaſterly. as far as the iſland of St. Thomas ; and 
- this is the conſtant practice of all the Guinea ſhips | 


_ Secondly; All ſhips departing from Guinea for Europe, their direct 
courſe is northward 3 but on this courſe they cannot go, becauſe' the 
coaſt bending nearly eaſt and weſt, the land is to the northward : 
therefore as the winds on this coaſt are generally between the S. and 

W. S. W. they: are. obliged to ſteer S. S. E. or ſouth, and with theſe 


cCourſes they run off the ſhore; but in ſo doing they always find the 


winds more and more contrary; ſo that when near the ſhore, they can 
lie ſouth, at a greater diſtance they can make no better than S. E. and 
afterwards E. S. E.; with which courſes they commonly fetch the iſland 
of St. Thomas and Cape Lopez, where finding the winds to the eaſt- 
ward of the ſouth, they fail weſterly with it, until they come to the 
latitude of 4 degrees ſouth, where they find the S. E. wind blowing per- 


On account of theſe: general winds, all thoſe who uſe the Weſt India 
trade, even thoſe bound to Virginia, reckon it their beſt courſe to get as 
| ſoon as they can to the ſouthward, that ſo they may be certain of a fair 
and freſh gale to run before to the weſtward. - And for the ſame reaſon 
the homeward-bound ſhips from America endeavour to gain: the latitude 
of 30 degrees, here they firſt find the winds begin to be variable; 
though the moſt ordinary winds in the north Atlantie ocean come from 
between the ſouth and weſt, t. 
roth. Between the ſouthern latitudes of 10 and 30 degrees in the In- 
dian ocean, the general trade- wind about the 8. E. by S. is found to blow 
all the year long in the ſame manner, as in the like latitude in the Ethi- 
opic ocean: and during the fix months from May to December, theſe 
winds reach to within 2 degrees of the equator ; but during the other ſix 
months, from November to June, a: N. W. wind blows in the tract lying 


between the 3d and 10th degrees of ſouthern latitude, in the meridian of 


the north end of Madagaſcar: and between the ad and 12th degree of 
_ Touth latitude, near the longitude of Sumatra and Java, | — 
%%% co ani ts dps x dp” oo epy | 11th. In 
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the Arabian ſea and the 


®. 


— 


Ich. In the tract between Sumatra and the African coaſt, and from 3 


degrees of ſouth latitude quite northward to the Aſiatic coaſts, including 
Gulf of Bengal, the Monſoons blow from Sep- 
tember to April on the N. E.; and from March to October on the S. W. 


In the former half year the wind is more ſteady and gentle, and the 


weather clearer than in the latter ſix months; and the wind is more 
ſtrong and ſteady in the Arabian ſea than in the Gulf of Bengal. 

22th. Between the Iſland of Madagaſcar and the coaſt of Africa, aud 
thence northward as far as the equator, there is a tract, where from 


April to October there is a conſtant freſh 8. S. W. wind; which to the 


_ northward changes into the W. S. W. wind, blowing at that time in the 


Arabian ſea, _ 


xo 


13th. To the eaſtward of Sumatra and Malacca, on the notth of the 


- Equator, and along the coaſts of Cambodia and China, quite through 
the Philippines as far as Japan, the Monſoons blow - northerly and 


ſoutherly, the northern ſetting in about October or November, and the 
ſouthern about May; the winds are not quite ſo certain as thoſe in the 


PR 


14th. Between Sumatra and Java to the weſt, and New Guinea to the 
eaſt, the ſame northerly and ſoutherly winds are obſerved; but the firſt 


half year Monſoon inclines to the N. W. and the latter to the S. E. 
Theſe winds begin a month or fix weeks after thoſe in the Chineſe ſeas 


ſet in, and are quite as variable, 


Ich. Theſe-contrary winds do not ſhift from one point to its oppoſite 
All at once; in ſome places the time of the change is attended with 


- calms, in others by variable winds. And it. often happens on the ſhores 


All navigation in the Indian 


of Coromandel and China towards the end of the Monſoons, that there 
are moſt violent ſtorms, greatly reſembling the hurricanes in the Weſt 


Indies; when the wind is ſo vaſtly ſtrong, that hardly any thing can reſiſt 


its force. ERIN 7 ww TO4*13 1 v1 | 4 
ocean muſt neceſſarily! be regulated by 


theſe winds ; for if mariners ſhould delay their voyages till the contrary 


_ "Monſoon begins, they muſt either ſail back, or go into harbour, and wait 
0: 0 Furs” ,, 8 
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B85. A Tipp is that motion of the waters in the ſeas and rivers, by 
which they are found regularly to riſe and fall.. 
The general cauſe of the tides was diſcovered. by Sir Iſaac Newton, 
and is deduced from the following conſiderations : '' ' 0 eG 

86. Daily experience ſhews, that all bodies thrown upward from the 
Earth, fall down to its ſurface in perpendicular lines; and as lines per- 
| ee to the ſurface of a ſphere tend toward the center, therefore the 
lines, along which all heavy bodies fall, are directed toward the Earth's 
As theſe bodies apparently fall by their weight, or gravity; therefore 
the law by which they fall, is called the Law OF Gravitation, 
587. A piece of glaſs, amber, or ſealing-wax, and ſome other things, 
being rubbed. again the palm of a hand, or againſt a woollen cloth, 
until they are warmed, will draw bits of paper or other light ſubſtances, 
towards them, when held ſufficiently near thoſe ſubſtan ces. 
Alſo a magnet, or loadſtone, being held near the filings of iron or ſtee), 
or other ſmall pieces of theſe metals, will draw them to itſelf; and a piece 
of hammered iron or ſteel, that has been rubbed by a magnet, will have a 


like property of drawing iron or ſteel to itſelf. And this property is 
8 WE "Was | by | i: oaths 


| Called ATTRACTION... 


238. Now as bodies by their gravity fall toward the Earth, it is not 
_ improper to ſay the Earth attracts thoſe bodies; and therefore in reſpect 
to the Earth, the words gravitation and attraction may be uſed one for the 
other, as by them is meant no more than the power, dr. law, by which 
%%% ies center... I y oe 
And it is likely, that this is the cauſe why the parts of the Earth adhere | 
89. The incomparable- Sir Iſaac Newton, by a fagacity peculiar to 
himſelf, diſcovered. from many obſeryations, that this law of gravitation or 
. attraction was unterkaly diffuſed throughout the ſolar ſyſtem; and that 
c the regular motions obſerved among the heavenly bodies were governed 
* by this ſame principle; ſo that the Farth and Moon attracted each other, 
and both of them are attracted by the Sun. He diſcovered alſo that the 
force of attraction, exerted by theſe bodies one on the other, was leſs and 
leſs as the diſtance inercaſed, in proportion, to the ſquares of thoſe diſ- 
tances ; that is, the power of attraction at double the diſtance was four 
times leſs, at triple the diſtance nine times 
T„„, d»q?;ñ , ono tat vos 
90. Now as tbe Earth is attracted by the Sun and Moon, therefore all 
the parts of the Earth will not gravitate toward its center in the ſame 
manner, as if thoſe parts were not affected by ſuch attractions. And it 
zs very evident that, were the Earth entirely free from ſuch actions of the 
Sun and Moon, the ocean being equally attracted toward its center, on 
all ſides, by the force of gravity, would continue in a perfect ſtagnation 
. mithout ever ebbing or flowing. But ſince the caſe is otherwiſe, the water 
a in the ocean muſt needs riſe higher in thoſe places where the * and 


leſs, at quadr uple the diſtance 


-C 


y'4 | 


— 


2 
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Moon diminiſh its gravity,.or where che Sun and Moon have the greateſk 


- attraction, NO | . 5 
As the force of gravity muſt be diminiſhed moſt in theſe parts of the 
Earth to which the Moon is neareſt, that is, where ſhe is in the ZENITH, 
or vertical, and, conſequently, where her attraction is moſt . 3 
therefore the waters in ſuch places will riſe higheſt, and it will be 2 ſea 
og APE OO go ß 5 
91. The parts of the Earth direfly under the Moon, and alſo thoſe in her 


Nadi, viz. ſuch places as are diametrically oppoſite to thoſe where the Moon _— 

is in the Zenith, will have the flood, ar high water, at the ſame tim. 14 
For either half of the Earth would gravitate equally toward the othet 

half, were they free from all external attraction. 10 


But by the action of the Moon, the gravitation of one half-earth toward 
its center is diminiſhed, and of the other is increaſed. 


Now in the half-earth next the Moon, the parts in the zenith being 
moſt attracted, and thereby their gravitation toward the Earth's center 
diminiſhed, the waters in theſe parts muſt be higher than in any other 
part of this balf-earth, + VVV FH 
And in the half-earth fartheſt from the Moon, the parts in the nadir 
being lefs attracted by the Moon than the parts nearer to her, gravitate 
leſs toward the Earth's center, and conſequently the waters in theſe 
parts muſt. he higher than they are in any other part of this half-carth, 
92. T hoſe parts of the Earth, where the Moon appears in the horizon, of 
i 90 degrees diſtant from the zenith and nadir, will have the ebbs or loweſt © 

WASH. ²D wn Lon tl p“, VV... . | e 
For as the waters in the zenith and nadir riſe at the ſame time, 
he waters in their neighbourhood will preſs toward thoſe places to 
maintain the equilibrium; and to ſupply the places of theſe, others will 
move the ſame way, and ſo on to places of go? diſtant from the ſaid 
zenith and nadir; conſequently, in thoſe places where the Moon 
appears in the horizon, the Waters will have more liberty to deſcend 
N the center; and therefore in thoſe places they will be the 
93. Hence it plainly follows, that the ocean, if it covered the ſurface 
of the Earth, muſt put on a ſpheroidal, or egg- like figure; in Which 
the longeſt diameter paſſes through the place where the Moon is cal "mY 
and the ſhorteſt diameter will be ig the horizon of that place, And 
as the Moon apparently ſhifts her pofition from eaſt to weſt in going 
_ round the Earth every day, the longer diameter of the ſpheroid follow- 

ing her motion, will 3 the two floods and ebbs obſervable in about 
every 25 hours, which is about the length of a lunar day, or the time % 
ſpent between the Moon's leaving the meridian of any place, and coming 

e 94. Hence the greater the Moon's meridian altitude is at any place, 

the greater thoſe tides will be which happen when ſhe is above the ho- 

rizon; and the greater her meridian depreſſion is, the greater will thaſe 
tides be which, happen while ſhe is below the horizon, n. 
© Moreover the ſummer day, and the winter night-tides have a ten+ 
dency to be higheſt, becauſe the Sun's ſummer altitude and his winter 


depreſſion are greateſt 3 but this is more eſpecially to be noted oben the 


TY 
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Iden has north declination in ſammer, and ſouth declinatinhy in 
5 1 Wer. 7 
W of high water is not precifely' at the time of © the Moon's 88 
n to the meridian, but about an bour affen. 
For the moon acts with fome force after ſhe! wa paſt the RY ROY 
a and dy that means adds to the libratory, or waving motion, which ſhe 
5 had put the water into, whilſt ſhe was in the meridian; in the ſame 
mimanner as a ſmall force applied wary to a ball, already raiſed to ſome 
ET height, will raiſe it fill higher. . 
. : 96. The tides are greater than ordinary twice every month ; : that i is, about 
the times of new and full Moon : theſe are called SyrRING-Tipes., 
For at theſe times the actions of both Sun and Moon concur to draw 
in the fame right line 3 and therefore the ſea muſt be more elevated. In : 
conjunction, or when the Sun and moon are on the ſame ſide of the Earth, $ 
they both conſpire to raiſe the water in the zenith, and conſequently i in 
the nadir. And when the Sun and Moon are in 9p ebe that is, When 
the Earth is between them, whilſt one makes hig water in the zenith | 
and nadir, the other does the ſame in the nadir and zenith. ; 
« The tides are leſs than ordinary noice every month; "that i is, about the 


times of the g. and aſt * of the Moon: and theſe. are called Nxar 
T1DEs. 


Becauſe in the quarters of the Moon the un 9 1 che water hoes: 
the Moon depreſſes it; and depreſſes where the Moon raifes the water; B 
ſo that the tides are made only by the difference of their actions. 

It muſt be obſerved, that the ſpring tides happen not directly on the 

| new and full moons, but rather a day or two after, when the attractions 
of the Sun and Moon have conſpired together for a conſiderable time. 

I ͤ like manner th neap-tides happen a day or two after the quarters, 
when the Moon's attr _ n has been lefſencd by. the os for ſeveral days 
to ether.” | | 

298. In den the Mon is in her Pentcanun, or TP rent to = 
| Earth, the tides increaſe more than in the ſame circumſtances at other ti 

For according to the laws of gravitation, the Moon muſt attract moſt 
when ſhe is neareſt to the Earth. 1 

The fpring-tides are greater about the tine of the Eqymoxrs, that 
- about the latter ends of March and September, than at . times of. the 
year 3 ; and the neap- tides then are leſs © 

_-- Becauſe the Tonger diameter of the ſpheroid, or the 995 + cove 

| floods, will at that time be in the Earth's equator ;, and conſequently 
will defcribe a great circle .of the Earth; by the diurnal rotation of 
* which thoſe floods will move ſwifter, deſcribing A great circte in the 
. wine time they uſed to deſcribe à leſſer circle parallel to the equator, a 
conſequently the waters being thrown more forcibly againſt the ſhares, 
miſt riſe higher, Shoals 


100. The following obſervations have been made on the riſe” of ak 


+ 1}. 358) 3 Ti$51 rin 


iſt. The ; mornin; tides: Several differ in their riſe fron the ſh 


* 2d. The few and full Moon ſpring. tides riſe to diger heig 
3 la "a the ONS: ! tides are OO 2.5 


. + 
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Ath. In ſummer the ning ide are higheſt. 

So that after a period of about ſix months the order of the tides | is. 

inyetted; that is, the riſe of the morning and evening-tides will change 
places, the winter nene e becoming the ſummer ant 

high-tides. 

Some of theſe effects ariſe from the different diſtances of the Moon 
from the Earth after a period of ſix months, when ſhe is in the ſame 
ſituation with reſpect to the Sun; for, if ſhe is in perigee at the time of 
new Moon, in about ſix months after ſhe will be in perigee about the time 
of full Moon. 

Theſe particulars being known, a pilot may chuſe that time, which is 
moſt convenient for conducting a ſhip in or out of a port, We there s 
not ſufficient depth at low- water. 

Small inland ſeas, ſuch as the 3 and Baltic, are little 
fubject to tides; becauſe the action of the Sun and Moon is always 
nearly equal at both extremities of ſuch ſeas. In very high latitudes the 
tides are alſo very inconſiderable. For the Sun and Moon acting _—_ 
the equator, and always raiſing the water toward the middle of the torri 
zone, the neighbourhood of the poles muſt conſequently be deprived of 
thoſe waters, and the ſea muſt, within the frigid Zones, be low, with re- 
lation to other parts. 

101. All the things hitherto explained would exactly obtain, were the 
whole ſurface of the Earth covered with ſea, But ſince it is not ſo, and 
there being a multitude of iſlands, beſides continents, lying i in the way of 
the tide, Which interrupt its courſe; therefore in many places near the 
ſhores, there ariſes a great variety of other appearances beſide the forego-. 
ing ones which require particular ſolutions, in which the ſituations of the 


% 


| ſhores, ſtraits, ſhoals, n and other things, muſt oath be conſi- 


dered. For inſtance: 


102. As the ſea * has no viſible paſſage between Europe and Africa, 
let them be ſuppoſed to be one continent, extending from 78 degrees 


north to 34 degrees ſouth, the middle between theſe two would be in lati- ; 


tude 19 


the weſtern coaſt of Africa (for the general tide following the courſe of 
the Moon muſt ſet from eaſt to weſt), becauſe the continent, for above 
50 degrees, \both northward and ſouthward, bounds that ſea on the eaſt ; 
therefore if any regular tide, proceeding from the. motion of the ſea, from. 
eaſt to weſt, ſhould reach this place, it muſt come either from the north 
of Europe. ſouthward! or from the ſouth of Africa northward, to the ſaid . 
latitude upon the weſt coaſt of Africa. 

103. This opinion is further corroborated, or r rather fully confirmed 
by common experience, which ſhews that the flood - tie ſets to the ſouth- 
ward along the weſt coaſt of Norway, from the north cape to the Naze, 
or entrance of the Baltic Sea, and ſo proceeds to the fouthward along the 
eaſt coaſt of Great Britain, and in its paſſage ſupplies all thoſe ports with 
the tide one after another, the coaſt of POO W e the * irt, be- 


* 


— * — — — h % 2. 
— . 
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bauſe 


egrees north, near Cape Blanco, on the weſt coaſt of Africa. 
But it is impoſſible that the flood-tide ſhould ſet to the weſtward upon 
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cauſe it proceeds from the northward to the ſouthward ; and thus on the 
days of the full; or change, it is high- water at Aberdeen at 12h. 45m. 
bat at Tinmouth Bar, the ſame day, not till 3h. From thence rolling te 
the ſouthward, it makes high-water at the Spurn a little after 5 h.; but 
not till 6 h. at Hull, by reaſon of the time required for its paſſage up the 
river; from thence paſſing over the elbank into Yarmouth Road, it 
makes high-water there a little after 8 h. but in the Pier not till ꝙ h., and 
it requires near an hour more to make bigh- water at Yarmouth town; in 
the mean time ſetting away to the ſouthward, it makes high-water at 
Harwich at 10 h. 30 m., at the Nore at 12, at Graveſend 1 h. 30 m., and 
at London at 3 h. all on the fame day. And although this may ſeem to 
contradict that hypotheſis of the natural motion of the tide being from 
_ eaſt to. weſt, yet as no tide can flow weſt from the main continent of Nor- 
way or Holland, or out of the Baltic, which is ſurrounded by the main 
continent, except at its entrance, it is evident that the tide we have been 
now tracing'by its ſeveral ſtages from Scotland to London, is ſupplied by 
the tide, the original motion of which is from eaſt to weſt; yet as water 
always inelines to the level, it will in its paſſage fall toward any other 
point of the compaſs, to fill up vacancies where it finds them, and yet not 
contradf&,. but rather confirm, the firſt hypotheſis. 
104. While the tide, or high-water, is thus gliding to the ſouthward” 
along the eaſt coaſt of England, it alſo ſets to the ſouthward along the 
weſt coaſts of Scotland and Ireland, a branch of it falls into St. George's 
channel, the flood running up north-eaſt, as may be naturally inferred 
from its being high-water at FYaterford above three hours before it is 
high-water at Dublin, or thereabout, on that coaſt; and it is three 
quarters of an hour ebb at Dublin before it is high-water at the Ie of 
But not to proceed farther in particulars than to our own, or the 
Britiſh channel, we find the tides ſet to the ſouthward from the coaſt of 
Ireland, and in their paſſage a branch falls into the Britiſh channel be- 
tween the Lizard and Uſhant; this progreſs to the ſouthward may be 
eaſily proved, by its being high-water on the day of the full and changes 
at Cape Clear a little after 4h., and at Uhhant about 6 h., and at the 
Lizard after 7h. The Lizard and Uſbant may properly be called the 
chaps of the Britiſb channel, between which the flood ſets to the eaſtward 
along the coaſts of England and France till it comes to the Goodwrn or 
Galloper, where it meets the tide before mentioned, which ſets to the 
 ſduithward along the eaſtern coaſt of England to the Downs, where theſe 
two tides meeting, contribute very much towards ſending a powerful tide 
up the river Thames to London. And when the natural courſe of theſe 
two tides has been interrupted by a ſudden ſhift of the wind, by which 
means that tide was accelerated which had before been retarded, and that 
driven back which was before hurried in by the wind, it has been known 
to occaſion twice high- water in 3 or 4 hours, which, by thoſe who did 
not conſider this natural eaufe, was looked upon as a prodigy.  _ 
' 105. But now it may be objected, that this courſe of 8 food-tide, 
eaſt, or eaſt- north-eaſt, up the channel, is quite contrary to the hypo- 
ttheſis of the general motion of the rides being from eaſt to weſt, and con- 
fequently of its being high- water where the moon is vertical, or any 
whete elſe in the meridian, «Io 7 5 
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In anſwer. This particular direction of any branch of the tide does 
not at all contradict the general direction of the whole; a river, with 
a weſtern courſe, may ſupply canals which wind north, ſouth, or even 
eaſt, and yet the river keep its natural courſe; and if the river ebbs and 
flows, the canals ſupplied by it would do the ſame, although they did 
not keep exact time with the river, becauſe it would be flood, and the 
river advanced to ſome height, before the flood reached the farther part 
of the canals; and the more remote the canals are, the longer time it 
: would require; and it may be added, that if it was high-water in the 
river juſt when the Moon was on the meridian, ſhe would be far paſt it 
before it could be high-water in the remoteſt part of thoſe canals, or 
ditches, and the flood would ſet according to the courſe of thoſe canals 
that received it, and could not ſet weſt up a canal of a different poſition ;_ 
and as St. George's channel, the Britih channel, &c. are no more in 
proportion to the vaſt ocean, than theſe canals are to a large navigable. 


river; it will evidently follow, that among thoſe obſtructions and con- 


finements the flood way ſet upon any other point of the compaſs as well 
as weſt, and may ma 


e high-water at any other time as well as when 
the Moon is upon the meridian, and yet no way contradict the general 
theory of the tides before afſerted, .__ . & 
106. When the time of high-water at any place is, in general, men- 
_ tioned, it is to be undefflood on the days of the ſyzygies, or days of new 
and full Moon, when the Sun and Moon paſs the meridian of that place 
at the ſame time. Among pilots it is cuſtomary to reckon the time 
of flood, or high-water, by the point of the compaſs the Moon is on at 
that time, allowing 4 of an hour for each point: "Thus on the full and 
Change days, in places where it is flood at noon, the tide is ſaid to low 
north and ſouth, or at 12 o'clock; in other places, on the ſame days, 
where the Moon bears 1, 2, 3, 4, or more points: to the eaſt or weſt of the 
meridian, when it is high-water, the tide is ſaid to low on {uch point: 
Thus, if the Moon bears S. E. at flood, it is ſaid to low S. E. and N. W., 
or 3 hours before the meridian, that is, at q o'clock ; if it bears S. W., it 
flows 8. W. and N. E., or at 3 hours after the meridian; and in like 
manner for other points of the Moon's bearing. | 

107. In ſome places it is high water on the ſhore, or by the ground, 

While the tide continues to flow in the ſtream, or offing ; and according 
to the length of time it flows longer in the {ſtream than on the ſhore, ic is 
ſaid to flow tide, and ſuch part of tide; allowing 6 hours to a tide ; 
Thus 3 hours longer in the offing than on the ſhore, make tide and half- 
tide ; an hour and half longer make tide and quarter-tide ; three 
ters of an hour longer make tide and half-quarter tide ; &c. 

108. Along an extent of coaſt next to the ocean, ſuch as the weſtern 
coaſt of Africa, and the eaſtern and weſtern coaſts of South America, 
it is generally high-water about the ſame hour. But ports on the coaſts 
of narrow ſeas, or within land, have the times of their high-water 


ſooner. or later on the ſame day, according as thoſe ports are farther re- 


moved from the tide's way; or have their entrances more or leſs con- 
tracted. od | | A 


109. Th 


e times of high-water, in any place, fall about the ſame hours 
| Alter a period of 15 days nearly, which is the time between oue ſpring- 


quar- 
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tide and 8 and during that period, che times of bigh-water fall. 
each day latet by about 48 minutes. 
110. From the obſervations of different perſons, the times when it is 
 high-water on the days of the new and full Moon, on moſt of the ſea- 
coaſts of Europe, and many other 'places, have been collected. Theſe. 
times are uſually put in a table againſt the names of the places, digeſted 
in an alphabetical order ; the like is followed in this work, only they are 
not given in a table by themſelves, but make a column in the table of 
the latitudes and longitudes of places; which column is not filled up 
againſt many of the names in that table, for want of a ſufficient collection 
of obſervations. This may be ſupplied by thoſe who ont opportunity 
and inclination. | 
The uſe of ſuch a table is to find the time when it is high-water at 
any of the places mentioned in it. But as this depends upon knowing 
the time when the Moon comes to the meridian, and this on the Moon's - 
age, and this on the knowledge how to find ſome of the common notes 
in the Calendar; therefore it was thought convenient to introduce in 
© this place a e poop comes of n 1 the ſeveral articles 
above-mentioned. | 


SECTION: Vit. > 
Of Chronolog ”. 


111. CanonoLocy i is the art of eſtimating, a comparing ; together, 
the times when remarkable events have happened, ſuch as are related in 
ory. : 
An ERA, or Eeocna, is a time when ſome memorable tranſaction 
occurred; and from which ſome nations date and meaſure their com- 


| putations of time. 

G Views of | Years 1 
the Julian before 
Period. Chriſt, | 


Some * dated 8 8 


of the world, and ſuppoſe it to Live happened f . 4904 
_ _ Others, from the deluge or flood — 1 2366 | 2348 | 
| a Girets, from their * of 4 year 3 3938 77 6 | 


The 8 from this buikling of Rome — 3901 | 753 


Babylon Aſtronomers, from Nabonaſſar king of $2 3967 | 7 | 
Some Hiſtorians, ff E death f „„ 
* 54 W rom the 0 api 4399 | 324 | 


The Chriſtians, from the e birth of Chriſt. 4713 | 
The 1 from the flight of Mabo- 1 


ä 


2 
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In order to aſſign the diſtance between theſe, and other events, the an- 
cients found it neceſſary to have a large meafure of time, the limits of 
which were naturally pointed out to them by the return of the ſeaſons, 
and this interval they called a year. NT Ns OOF WO EY 

112. The moſt natural diviſion of the year appeared to them to be 
the returns of the new Moon; and as they obſerved 12 new Moons to 
happen within the time of the general return of the ſeaſons, they there- 
fore firſt divided the year into 12 equal parts, which they called months ; 
and as they reckoned about 30 returns of morning and evening between 
. the times of the new moon and new moon, therefore they reckoned their 
month to conſiſt of 30 days, and their year, or 12 months, to contain 
360 days; and this is what is generally underſtood by the lunar year of 
the ancients. _ 1 05 5 5 
113. But in length of time it was found, that this year did not agree 
with the courſe of the fun, the ſeaſons gradually falling later in the year 
than they had been formerly obſerved; this put them upon correcting the 

method of eftimating their year, which they did from time to time, by 
taking a day or two from the month, as often as they found it too long 
for the courſe of the moon; and by adding a month, called an intercalary 
month, as often as they found 12 lunar months to be too ſhort for the 
return of the four ſeaſons and fruits of the Earth. This kind of year, ſo 
corrected from time ts time by the prieſts, whoſe buſinefs it was, is what 
is to be underſtood by the luni folar year; which was anciently uſed in 
moſt nations, and is ſtill among the 42 A 
As a great variety of methods was uſed in different countries to correct 
the length of the year, ſome by intercalating days in every year, and 
others by inſerting months and days in certain returns, or periods of years; 
and theſe different methods being obſerved by ſome eminent men to 
create a conſiderable difference in the accounts of time kept by neigh- 
bouring nations, introducing a confuſion in the chronological order of 
times, they therefore invented certain periods of years, called cycles, with 
which they compared the moſt memorable occurrences. | 

114. At length Julius Cæ ſar obſerving the confuſion which this var 
riety of accounts occaſioned, and knowing that his order, as Emperor of 
the Romans, would be followed by a very conſiderable part of the world; 
| he therefore, about 40 years before the birth of Chriſt, decreed that 
every fourth year ſhould conſiſt of 366 days, and the other three of 
355 days each. This he did in conſequence of the information given 
him by Seſigenes, an eminent mathematician of Alexandria in Egypt; for 
at that time the philoſophers of the Alexandrinian ſchool knew from 
a length of experience, that the year conſiſted of about 365 days and a 
quarter; and this was the reaſon of ordering every fourth year to confiſt 
of 366 days, thereby compenſating for the quarter day omitted in each 
of the preceding three years. This method, called the Julian Account, 

oF tap Stile, continued to be uſed in moſt Chriſtian ſtates until the year 
1582. 0 | : COAT Po 

"The Aſtronomers, ſince the time of Julius Czfar, have found that the 
true length of the ſolar year, or common year, is 365 days, 5 hours, 
48 minutes, 55 ſeconds, nearly ; being leſs than the Jullan, of 365 days, 


6 hours, by about 11 minutes, 5 ſeconds, which is about the 130th 
2 1 8 Ces. - part 


366 
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part of 86, 400, the ſeconds contained in a day; ſo that in 130 Julian 
Fears there would be one day gained above 130 ſolar years; and in 400 
Julian years there would be gained 3 days, 1 hour, 53 minutes, 20 
ſeconds; conſequently one day omitted in every 130 common years, 
would bring the current account of time to agfee very nearly with the 
motion of the Sun. N „„ WET 
1186. In the year of our Lord 325, when the Council of Nice ſettled the 
day for the celebration of Eaſter, the Yeynal Equinox (that is, the day 
in the ſpring when the Sun roſe at fix and ſet at fix) happened on the 
21ſt of March; but about the year 1580 the Vernal Equinox fell on the 
Tith of March, making a difference of about 10 days. Now Gregory 
the XIIIch, who was Pope at that time, obſerving that this difference of 


time in the falling out of the Equinox would affect the intention of the 


| Nicene Council, concerning the time of the year appointed by them for 
the celebration of Eaſter; he therefore, in the year 1581, publiſhed a 
Bull, ordering that in the year 1582, the 5th of October ſhould be called 
the 15th, and ſo on; thus the 10 days taken off would cauſe the time of 
the Vernal Equinox to fall on the 21ſt of March, as at the time of the 
| Nicene Council: and becauſe a little more than three days were gained 
in every 400 years by the Julian account; therefore to prevent any 
future difference, every century, or number of 100 years, not diviſible 
by 4, ſuch as 17 hundred, 18 hundred, 19 hundred, &c. ſhould con- 
tain only 365 days, which, by the Julian account, ſhould have con- 
tained 366; and the centuries diviſible by 4, ſuch as 16 hundred, 20 
hundred, 24 hundred, &c. ſhould be leap- years of 366 days; and thus 
the three days would be omitted, which the anticipation of the equinoxes 


| would gain in 400 years; the ſmall exceſs of 1 hour, 53 minutes, 20 


| ſeconds, not amounting to a whole day in leſs than 5082 years, being 
rejected as inconſiderable; the intermediate years to be reckoned as they 
uſed to be in the Julian or Old Stile. This Pope's alteration, called the 
Gregorian or New Stile, was received in moſt of the Chriſtian ſtates ; 
But ſome at that time choſe to continue the Julian; among whom were 
the Engliſh ; and they, in the year 1752, reformed their account, and 
introduced among themſelves a new one, that nearly correſponds with the 
Gregorian. „ . ENTS 8 
A certain length of the year being once ſettled, and a regular account 
of time in conſequence of it being ſo fitted, as to conform invariably to 
the ſeaſons; it was natural for the States who received ſuch account, to 
fit to it a regiſter of the days in each month, and to note the days when 
any remarkable occurrence was to be commemorated; and ſuch regiſter 
has obtained the name of Calendar. . 4 
116. The Calendar now in uſe among moſt of the Chriſtian ſtates 
_. conſiſts of 13 months, called January, Wee March, April, May, 
June, Fuly, Auguſt, September, October, November, December; theſe 
months are called civil, the number of days in each may be readily re- 
membered by the following rule. | A 
117, Thirty days has September, April, June, and November ; 
February has twenty-eight alone: All the reſt have thirty-one; 
When the pu conſiſts of 365 days: But in every fourth, which con- 
fills of 366 days, February bas 29. This additional day was 210 
| „ C M ted 


* 
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lated after the 24th of February, which in the Old Roman Calendars was 
called the ſixth of the calends of March, and being this year reckoned twice 
over, the year was called Biſſextilis, or LEap-YEAR. / 

Beſide the months, time is alſo divided into weeks, days, hours, mi- 9 
nutes, &c. a year containing 52 weeks, a week 7 days, a day 24 hours, an 1 
hour 60 minutes, &. hl 

In the Calendars it has been uſual to mark. the ſeven days of the * 0 
1 the ſeven firſt letters of the alphabet, always calling the firſt of Ja- nh 

nuary A, the 2d B, the 3d C, the 4th D, the 5th E, the 6th F, and the mM 
7th G. and ſo on, throughout the year : and that letter anſwering to all. 1 
the Sundays for a year, is called the Dominical LETTER. J( 5 FR 

According- to this diſpoſition, the letters anſwering to the firſt day of 2 
every month in the year, will be known by the following rule: | ET 1 

118. At Dover Dwells George Brown, Eſquire, - | 1/4 

Good Caleb Finch, and David Frier; 

5 the firſt letter of exch word anſwers to the letter belonging to the 
firſt day of the months in the order from January to December. 
119, A year of 365 days contains 5 weeks and 1 day; ids hes- 
year has 52 weeks and 2 days; therefore the firſt and laſt days of a com- 
mon year fall on the ſame week- day, ſuppoſe it Monday; then the next 
year begins on a Tueſday, the next year on Wegneſday, and ſo on to the 
eighth year, which would be on Monday again, did every year contain 
365 days; alſo the Dominical letter would run backward through all 
| the ſeyen letters. But this round of ſeven years is interrupted by the 
1 leap- years: for then February having a 29th day annexed, the firſt Do- 
minical letter in March muſt fall a day ſooner than in the common year; 
| ſo that leap- year has two Dominical letters, the one (ſuppoſing G) ſerv- 
for Fanuary and February, and the other, which is the preceding letter 
(b ) ſerving for the reſt of the Sundays in that year. 

120. The SOLAR CYCLE, or cycle of the Sun, is a period of 28 an, 
in which all the varieties of the Dominical letters will have happened, and 
they will return in the ſame order as they did 28 years before. At the 
birth of Chriſt g years had paſt in this be Aug . | 

For the changes, were all the years common ones, would be 7; 

But the interruptions by Jeap-year being every fourth year; 

Therefore the changes will be 4 times 7, or 28 years. \ Het 

This return of the Dominical letter is conſtant in the Julian account. <2 
But in the Gregorian, where among the complete centuries, or hundredth 1 
years, only every fourth is leap-year; the other three hundred years, 
which according to the Julian, would be leap- years, are by the Gre- 1 
. gorian only common years of 365 days: in theſe all the letters muſt be 7 

removed one place ſorward in 3 order; and either year, inſtead of WM 
having two Dominical letters (as ſuppoſe D, C), will have only one - 
(as D), the Dominical letters moving retrograde. 
121. The LunaR CyCLE, or cycle of the Moon (and 9888 4 
called the Metonic Cycle, from Meton, an Athenian, who invented it 11 
about 432 years before the time of Griſt), is a period of nineteen years, * 
containing all the variations of the days on which the new and full = 
Moons happen; after which they fall on the ſame * _w_ did 19 years = 
before. it 
C04 The 4, 
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_ - The pain, or GoL.ven NumBER, js the number of years elapſed in 


this cycle. 1 3 | ; | 
At the birth of Chriſt the golden number was 2. . 
For many years after the Nicene Council, it was thought that 19 ſolar 
Fears, or:228 ſolar months, were exactly equal to 235 ſynodical, or lunar, 
months: and that the ſame yearly golden number ſet in their calendars 
againſt the days When the new Moons happened throughout one lunar 
cycle, would invariably ſerve for the new Moons of correſponding years 
throughout every ſucceſſive lunar cycle. But later obſervations ſhew, 
that this cycle is leſs than 19 years, by a little more than one hour, 
twenty-eight minutes; therefore, the new Moons will, in a little Jeſs | 
than 311 years, happen a day earlier than by the Metonic account'; and 
conſequently all the feſtivals. depending on the new Moons, will in 
time be removed into other ſeaſons of the year than thoſe which they fell 
in at their firſt inſtitution: thus the new Moons in the year 1750 hap- 
pened above 44 days earlier than the times ſhewn by the calendar. But 
were the golden numbers, when once prefixed to the proper new Moon 
days in a Metonie period, to be ſet a day earlier at the end of every 310,7 
years, a pretty regular correſpondence might be preſerved between the 
mar and Tuner years. 709 0H 48 
122. The Epacr of any year is the Moon's age the beginning of that 
year; that is, the days paſt ſince the laſt new Moon. ; 
Ihe time between new Moon and new Moon is in the neareſt round 
numbers 29 days; therefore the lunar year confiſting of 12 lunations 
muſt be equal to 354 days, which is 11 days leſs than the ſolar year of 
365 days. Now ſuppoſing the ſolar and lunar years to begin together, 
the epact is ©; the beginning of the next ſolar year, the epact is 11; 
the 3d year the epact is 22; the fourth 33, &c. But when the epact 
| exceeds 30, an intercalary month of 30 days is added to the lunar year, 
making it conſiſt of 13 months; ſo that the epact at the beginning of the 
4th year is only 3, the 3th 14, the 6th 25, the 7th 36, or only 6, on ac- 
count of the intercalary month; and ſo on to the end of the cycle of 19 
years; at the expiration of which the fame epacts would run over again, 
were the cycle perfect; and the epact would always be 11 times the 
123. By the Nicene Council it was enafted, „ 
- rſt.” That Eafter-day ſhould be celebrated after the vernal equinox, 
which at that time happened on the 21ſt of March. 
2d. That it ſhould be kept after the full, or 14th day of that Moon 
which happened firſt after the 21ſt of March in common years, and firſt 


* 


after the 20th of March in leap-years. + wu 
 * 3d. That the Sunday next following the 14th, or day of full Moon, 
ſhould be Eafter-Sunday : which muſt always fall between the 20th or 
21ſt of March, and 25th of April. . wy | . 
124. The Moon's SoUTHING at any place is the time when ſhe 
comes to the meridian of that place, which is every day later by about; 
pf an hour; becauſe 24, the hours in a day, being divided by 30, the num- 
ber of times which ſhe paſſes the meridian between new Moon and new 
Moon, will give 5248“ for the retardation of her paſſage over the meri- 
c 


PT 
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The Sun and Moon come to the meridian at the ſame time on the day 


of the change, or at new Moon; alſo the Moon comes to the oppoſite 
part of the ſame meridian, when ſhe is in oppoſition, or at full Moon. 
Henes between new and full ſhe comes to the meridian in the afternoon 
gat full ſhe comes to the meridian at mid-night; and when paſt the full, 
after mid- night, or in the morning. 
125. The Roman IN DIC ION is a cycle of 15 years, uſed by the an- 


cient Romans for the times of taxing the provinces. Three years of this 


cycle were elapſed at the birth of Chriſt, 


The Dioxvsiaw PERIOD is a cycle of 532 years, ariſing by multi- 


lying together 28 and 19, the ſolar and lunar cycles; it was contrived 


by Dionyſius Exiguus, a Roman abbot, about the year of Chriſt 527, a 2 


period for comparing chronological events. 
The JuL1an PER1oD contains 7980 years; it ariſes by multiplyi 
together 28, 19, 15, the cycles of the Sun, Moon, and Indiction. This 
was alſo contrived as à period for chronological matters; and its begin- 
ning falls 710 years before the uſual date of the creation. 


On the principles laid down in the preceding articles depend the ſolu- 1 


— 


tion of the following problems. 


116. Propte I. To find whether any given year is Lap-pear. 


Rur. Divide the given year by 4; if o remains, it is leap-year; if 1, 


25 or 3 remain, it is ſo many years after. 
| Obſerving that the years 1800, 1900, 2100, &c. are common years. 


ExaM. I. 75 1796 leap-year? | Exam. II. I 1797 leap-year f 
PIES BEE , ne 4.4... WOE 
Remains o, ſo it is leap- year. Remains 1 year paſt leap- year. 


12. PRopLen II. Tofind the years of the ſolar, lunar, and indicdios cycles. 


' Ruxe. To the given year add 9 for the ſolar, 1 for the lunar, 3 for the 
indiction: Divide the ſums in order by 28, 19, 15; the remainder in 


each ſhews the year of its reſpective cycle. 


Ex AN. Required the years of the ſolar, lunar, and indiftion cycles for 


the year 1797* | 
WARS 7 ! SN - EPI - + 0 F 
3 28) 18066644 19) 1798094 " ” 15)1800(120 


W 14=ſolar cycle. 1 2—lunar cyc. or golden No o=indiR, cycle. + 


ol 


Whereby it appears) 14th year of the 65th ſolar cycle [Since the 

that the year 1797 12th year of the 95th lunar cycle Fbirth of 
N iſt year of the 120th indiction cycle J Chriſt. 
W 5 3 eee 128. Pas 
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128. PROBLEM: III. To find the Dominical letter till the year 1800. 


Bolz. To the given year add its fourth part, divide the ſum by 73 

... +.; the remainder taken from 7 leaves the index of the letter in 
dommon years, reckoning & 4012 C35 &c. CT 

"But i in leap- year, this letter and its preceding one (in the retrograde order 

which theſe letters take), are the Dominical letters. | 


Fun. I. For the year 1797. Ek. IT. For the year 1804. 
COULSON Ss" 09S . Eg 
b eee IBI Rane 
Remains 6. Then 1 [Remains 1. Then 7— 1 6 = 
S0 A is the Dominical letter. 180 4 and c are the Dominical letters. 


"2 After 1799. the index of A will be o, of B 1, C 2, D 3, &c. 


Andi in this manner were the following numbers computed. | 
For the Dominical letters during the 18th century. Fg 


"Schr cvs 7 2 3 47 | $ 0 3204-1 9 206 11 12 13 14 
Dom. letters Dc B A G FED CBI AGF 8 Dion A 
Solar cycles 15 16 17 18| 19 2 21 22 23 24 25 26 27, 28 
Dom. etters 6 F Ene B.A Ep C BA G F 


The year 1800 being a common year, ſtops the above order, and | the 
following are the Dominical letters for the 19th centur x. 

Solar cycles 1 2 3 4 5 6 7 8 9 10 11 12 13 14. 
Dom. ſetters ED G A GF ® D C BA G F K DC B 


Solar cycles 15 16 17 18 19 20 21 22 23 24 25 20 27 28 
Dom. letters A. G FE D C B AG. E E D CB A G.F_ 


8 „„ 


129. ProBLEM IV. To find the Epaet till the year 1900. 


RuLE. Multiply the golden number for the given year by 11, and di- 


vide the product by 30; from the remainder. take In, and it 
will leave the epact. N 


Tf the Jendainder 3 is leſs than 11, add 19 to it, aid it gives the epact. 


Oi 


Ex. I. To find the epa# for 1797. | Ex. II. To find the ep02 for 1800. 
The Galden number is 12 {(127)| The Goldei number I "a (12 7 
_ Maktph + 4 l e by 11 
300 132(4 IN on TEE 
120 „ | n 
a Remains e 13 . * ho ö | ' I s 15 . $7 
| Add Y bs FUSS 0 #1 +2 WV YA} i * 24 ee, e oF _ - 
Conſequently the Epafts 1 js 1, es Lf Remains the EpaRt | TE: =_ . 
And thus migbt the following Ae ee be found. — 


Sold. Ne 1 2 34 5 68 9 10111213 1415 1617 18 19. 
Epacts 29 11 22 3 14 25 61728 920 1 12 23 4 15 26 7 18. 
Tt be © cpgets here Oe * the * 11, rejecting thirties. 


8 PRo- 
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130. ProBLEM V. To find the Moon's age. 


* To the epact add the number and day of the month! their 

ſum, if under 30, is the Moon's age; 

but if it be above 30, take 30 from it, and the remainder will be the 
Moon's age, or days ſince the laſt conjunction. 

The numbers of the months, or monthly epaQs, are the Moon's age 


at the beginning of each month, when the ſolar and lunar 1 83 begin to- 
gether; 


'2 6 10. 
And are 102 Jan. Feb, Mar. Pe. May, Jane, July, Avg. Sept. O0. No Dec. 


Ex AM. I. hat is the Moon's age) Ex AM. II. What ts the Moon s age 


en the 14th of October, 1797 ? 'on the 29th of March, 1800? 


The epact is 11 (129) The epact is 4 (129) 

The No of month | g Then 4 +1+ 29==34 is the ſum of the 

The day of the month 14 epact, number and day of the month. 
And * is the s Moon” s age. 

The ſum is "23 the Moon's| ; 

5 e 


# 


131. The Pep of next new Moon is readily 6 found 57 taking 10 age 


from 30. 
The day of new Moon in any month is equal to the difference between 
the ſum of the year's and month's epacts, and 30, Thus; 


On March 29, the Moon is 4 days old. 

So that new Moon is on the 25th. . 

Now 4+ 1==5, is the ſum of the epats, 

Then 30—5==25, the day of new n, as it ſhould "AY 


I 32. PROBLEM VI. The day of the 1 in any year being given, 16 


uno on what week- day it will fall. 


Rol E. Find the Dominical letter (1 28): alſo the week day © on which 


the firſt of the propoſed month falls (118); and hence the name 


of the propoſed day of the month will be known; oblerving 
that the 1ſt, 8th, 15th, 22d, and 29th days of ny month fall 


on the ſame week-days, 


Ex. I. On what day of the week does Ex. II. I 1800 on what week- 
the 14th of Oct. fall, in 1797? day does the 20th of March fail? 


— . — — was FEE. 
n 0 l 1 2 5 * — - _ 22 1 yr 7 2 32 r Oy - = 
n „ rer E: bs 1 ad . ak Sch - 1 
FEY 0 3 9 Fr * 2s PET” PEI WE EE 1 = 2 FAY 2 
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The Donanical letter is a. (128) [The Dominical .etter is g. (128) | 


The iſt of October is a, 118) 
Therefore October iſt is Sunday. 


e the 14th is on Oy 


The 11t of March is p, (118) 


ITben March 2d is Sunday. 


And ſo March 20th is Thurſday, 
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133 Promo vn. E "fact when Eofter-day will fall in any ear 


Book VI. 


bertbeen 1700 and 1899. 


l RvLm, F 11 what 4 that new Moon falls on which i is neareſt to the 


21ſt of M 


arch in common years, or to the 20th in leap- years; 


then the Sunday next after the full, or 1 * day of that new 
Moon, will be Eafter-day. _ 


N If the 15th day fall on a Sunday, the next Sunday is 1 


Ex. I. When does E were day fall 
in u the year $9975." - 
The Dominical letter is a, (128) 
March 21, Moon's age is 23. (130) 
New Moon on March 28. 
The 15th day is April rith. - 
April the 1ſt is 6, on Saturday. 

a . Eaſter- Sunday i 1s NO 16th, 


Ll 


Ex. II. Required the time of Eafter- 
day in the year 1800? © | 
The Dominical letter is x. (128) Es 
March 2 1ſt, Moon's age 4 (zo) 
New Moon on March 285 t. 
Full Moon on April Sth. 


April the 1ſt is c, on Tueſday. 


| Then Eaſter-Sunday i is * bu 8 | 


134 Eafter-day is PR found by the Paſchal full Moons, and theſe 5 
are readily found in the following curious table, which was communi- 
' cated to the Royal Society in the year 1750, by the Earl of Macclesfield, 
and publiſhed in the Philoſophical Tranſactions for the ſame year; and 
its uſe ſhewn in the following precepts. 

To find the day, on which the Paſchal limit, or full Moon, falls in 
44 any given year; Iook, in the column of golden numbers belonging to 
„& that period of time wherein the given year is contained, for the golden 
„' number of that year; over-againit which, in the fame line continued 
e to the column intitled Paſchal full Moons, you will find the day of the 
< month, on which the Paſchal limit, or full Moon, happens in that 
« year. And the Sunday next after. that day is Lane in that ear 

ay * a ? 

tc according to the Gregorian account.“ 

His Lordſhip alſo. gave with the following table an account 55 the prin- 
eiples upon which he conſtructed it; and which the more 0 
1 may conſult, if they pleaſe. 35 


3 Tan E, 


Book VI. 


4 


GEOGRAPHY. ; 


„ 
A TABLE, ſhewing, by. means of he Golden Munde the ſeveral days on 
which the Paſchal limits, or full Moons, according to the Gregorian ac- 
count, have already happened, or will hereafter happen; from the Re- 
formation of the Caine in the year 1582, to the year 4199 nde. 


- 7 : * 
b . 1 


Golden Numbers from the year 1583 to 7675 and o on to 4199, all incluſive. ; 2 
1700 1900200 2300 2400/2 5002600 1 Ty 34003 500|3600|3700 3800[41c0 Days of the 
to] do to to to to] to to to to to | to | to to month and 
8992199299 2399 — 2599 2809 3099 3399 3499035993699 3799409904199 Sun, lettexs. 
14. — 617 6 17— 9 — 1 | 12 | 11 12 | — | 4 |March 21 
31-44} $1 (567 4= ion of 1 —=F - as 
%% TITIZI⸗Z¶!n èᷓ jon big je} nk 23 E 
111— 3434 — 67 (— 9 — 9 — [ 424 F 
— 1 — 3 — 3114 — 6117 — 17 — 9 —— 25 G 
gy —jit} [ul — 314 — 6 17 67 — 9 26 
819 — 1 — „ — 314 — 6 — 6| 17] — 27 
— „ — 19 — 1 — 314 — 14 — 617 28 
1614 — ß 3114] 1,01 29 
gi bfwm EST TT Wo rTiri ly Toit —]. 50 
bre 5 16 — 16 — 8 19 — | 11 | — 34 — ]$ 14 31 | 
213 — [516 5 16 | — 19 — | 1x | — | 1t | 3 April 1 G 
—| 2113|—| 5|}—} 5[16]—|,8T19] —|[19|—|in|—| 24A 
10|—| 213 — 13 — 5 16 — | 1 $ | 19 | „4 3 B 
— 10 — [213 213 —][ 516 — 3 — 8119 | — .- 
18 — 10 — [2 — [213 — 5 16 —16— 3 57 5 b 
7118 — 10 — [10 — 213 — ] $416} 5 126 — 38 6G E 
— 7118} — 10 — 10 — 213 — [5 — ][ 56 — 7 F 
is — 1 716 — 183 — 10 — 213 — 3 — 516 0 
+ 2B Ferns W4'4M 18 7 18 a 134 2413 — v4 9 
— 415 — 7 — 7118 — 10 — 2 — 2113 — 10 
12 — 41 — 1, — 718 — 10 — [0 —| 2 | 13 11 
112 — 4 15 425 — 718 — [10 — 0 —| 2 12 
„ 4115} -| 735 ber 13} | 10 | 13 
9 | — I | 12 | — | 12 Wes 44 15 — 7118˙1 7 IS | — 10 14 
— 9 — 1 12 112 — 4 155 — 7 — 718 — 15 
12 — 9 — [2411s — 718 16 
6 17170 9 — 9 — 11212415 41515 1 17 
i104 67271 en I x 1-12 4112 41 4 15 18 
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1 * Piiodanne VIII. To fue the thine" of the Moon's . a given 


day. 


RULE. The Moon's age i in days, multiplied by 0,8, gives the time of her 
ſouthing, nearly, in hours and tenth parts. 
That time, if leſs than 12 hours, is the time after mid-day. 
But if greater, the exceſs is the time after laſt midnight. 


Ex. I. At what time does the Moon 
come to the meridian of ST, on the 
14th of October, 1797? 


The Moon's age is 23 days. 


Which multiplied by , 8 


Moon So. 18) 2 —.—— 


Ex. II. Reguired the time of 1. 
Moon's ſouthing on the 2 1ſt of March, 


18002 

The Moon's age 26 days. (130) 1 
Which multiplied by os 

Moon So. ; 20h 48"==20,8 


e cams 


Fach tenth part of an hour ws 6 minutes, any number of ſuch tenth 


— 
- 


| parts multiplied by 6, 9 minutes. 
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13236. PROBLEM IX. To find the time of high - water at any place. 
Rur. To the time of the Moon's ſouthing add the time the Moon 
bas paſſed the meridian on the full and change days to make 

_ .high- water at that place; the ſum ſhews the time of highhj- 

| K water on the given day. 5 , . E e 

The time of high- water, on the full and change days, is found in the 

. right-hand column of the geographical table, art. 137, againſt the name 

| Re Re m8 ; „ 


. L- On the 1 4th of October Ex. If. Required the time when it 


1707, af what time will it be high-|will be high-water atUſpant on March 
Water at London? | 21/6 OR Cat, Eero hy 29 For RY 
Moon ſouths at 18h. 24m. (135) [Moon ſouths at 20h. 48m. (135) 
H. W. at Lond. 3 oo on ſyzygies High · water at Uſhant 4 30 P. M. 
; N Sum 21 24 Ikigh water at 1 18 A. M. on 
- —_ - Subtralt i? [ the day propoſec. . 

Hl. W. at gh 24m. A. M. on the 

day propoſed-— DL: 1 


Te v. vIII. Ix. problems preceding have ſolutions, ſuch as are com- 
mon in books of pilotage, and which in ſome caſes will produce con- 
_clufions conſiderably wide of the truth; it has therefore been judged ne- 
ceſſary to conſider theſe articles in a more accurate manner in Book IX. 


een by. 
137. A Geographical Table; 


| Containing the Latitudes and Longitudes of the chief towns, iſlands, bays, 


capes, and other parts of the ſea-coaſts in the known world, col= 


lected from the moſt authentic obſervations and charts extant ; with 
tte times of high-water on the days of the new and full Moon. 

The longitudes are reckoned from the meridian of London. By the 
Jatitade and longitude of an iſland, or harbour, is meant the middle of 

chat place. RL OY 1 190 Gol Rs BUN SL Jeet 
Note. B. ſtands for bay; C. for cape; R. for river; P. for port; 
Pt. for point; I. for Ile; St. for faint; G. for gulf; M. for 
mount; Eu, for Europe; Am. for America; Atl. for the Atlan- 
tic; Ind, for Indian; Med. Sea for Mediterranean Sea - Wh. 
Sea for White Sea; Archip. for Archipelago; Nov. Sco. for 
Nova Scotia; Phil. I. for Philippine Iſſes; Adriat. for Adria- 
tic; Eng. for England; D. Neth. for the Dutch Netherlands: 


Beſides other contractions which will be eaſily underſtood. 
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| Coaſt. 


Atl. Ocean 
Inland 

Eng. Channel 
Igerm. Ocean 
Iludian Sea 
[Germ. Ocean 
{Baltic Sea 
Atl. Ocean 
Atl. Ocean 
Indian Ocean 
Indian Sea 
North Ocean 
Pacif. Ocean 
Indian Ocean 


S. Atl. Ocean 
Mogul's 
Adrxriatic Sea | 
Pacif. Ocean 


Indian Ocean 


Eng. Channel 
Medit. Sea 
Medit. Sea 


| Medit. Sea 


1 Medit.. Sea 
Indian Sea 
Pacif. Ocean | 


Danube 


Baltic Sea 
Hud. Bay 
Medit. Sea 
Germ. Ocean 


Medit. Sea 
Atl. Ocean 
Medit. Sea 
Medit. Sea 
Red Sea 

Atl. Ocean 


Red Sea 
Atl. Ocean 


Pacif, Ocean 


Pacif, Ocean 
Germ. Ocean 
Carib. Sea 
Pacif. Ocean 


Atl. Ocean 
Be :ring's St. 


Pacif. Ocean 1 
ISGerm. Ocean 
Inland 


Indian Ocean 


Mediterran. 
T2 B. Bengal 


Indian Ocean 
Atl. Ocean 
Indian Ocean 
Germ. Ocean 


1 18 7 


— - — —ů—— 
4 


f 
50 7 N. 
48 32 N 


55 9 


Indian Ocean 


| | 6 
1. Ab 51 N | 
Abacco, . point JS PT 
af N 8. point . Bau * 
Abbeville Eu. [France 
bbreviak _ Eu, '| France | : 
. Abbſhead - Eu. Scotland 
I. Abdeleur Africa] Anian _ 
Aberdeen En, }Scotland | 
Abo Eu. Finland 
Abrolhos Bank :. [Am. {|Brafil 
Abrollo Bank, N. yore Am. Bahama 
F Afia I. Sumatra: 
Aden IAſia Arabia 
I. Admiralties Ew Nova Zem. 
Adventure Iſland Aſia | Soc. Iles 
I. Agalega, or Gallega Africa] Madagaſcar 
'Agimere - Afia India 
©. It, mens. Am. | Patagonia 
Agra | Aſia India 
II. St. Aguſta _ Eu. Dalmatia 
C. Aju ag [Am. Peru | 
Akerman ' + [Ev Turkey 
B. Alagoa Africa] Caffers 
| ſ. Aland Eu. [Sweden 
Albany Am. News. Wales 
1. Alboran Africa] Algiers 
Idborough Eu. England 
» Alderney | Eu. England 
| [ihleppo : [Aſia Syria 
Alexandretta Aſia Syria 
Alexandria Africa Egypt 
I. Algeranca Africa|Canaries 
{Algiers Africa Algiers 
LAlicant Eu. [Spain | 
J. Alicur, Lipari If. - Eu. Italy 
{Alkofir x Africa Egypt 
[B. All Saints, or! | 
Todos Santos {F Am. Brafil 
Almeria | Eu. Spain 
. Africa Zangueb ar 
dt. Alphonſo's I Am. T. del Fuego 
[Aitur r IAſia | Arabia 
eee $4 Tears Firma 
* Amboyna % Aſia | Molucca I. 
Ambrym Aſia N. Hebrides 
If. Ambroſa Am. [Chili 
L. Ameyland Eu. D. Neth. 
[Amiens Eu. France 
Ii. Amoy Aſia [China 
Amſterdam Eu. [D. Neth. 
1. Amſterdam Aſia | Madagaſcar | 
| Amfterdam Har. Am. Curacao 
1. Amſterdam, or 2 2. | 
| Tonga-Tabu . 3 Aſia Friendly If, 
I. Anabona Africa Eth, Coaſt 
Anadirſkoi Noſs Aſia | Kamtſchat. 
Ancona Fi Eu. Italy 
ii. Andaman, Great 5 
Gree? Ads [India 
I. Andaro . ' Afia India 
St. Andero, Sotovento Am. Mexico 
| St. Andrea Africa. Madagaſcar 
Pe. Andrew's . Eu. Scotland 


57 ob N. | 
27 N. 


26 35 N.| 
53 55, 8. 


[ 4 | 
27 12 N. 
26 15 N.| 


11 55 N 


18 22 8. 


21 33 N. 


5 22 N. 
12 55 N. 
75 og N. 
17 6 8. 
10 15 8. 


26 43 N. 


42 40 N. 


6 38 8. 
46 12 N. 
25 30 8 


60 20 N. 
52 15 N. 


36 O N. 
52 20 N. 
49 48 N. 
35 45 N. 


30 


30 
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l Names of Places, | Cont. Countries. x Coaſt. , 1 Latitude. 1 2 fit. Water. 1 
— — — — — 6——— — — —— — i 
1 £ 23 3 — . r My 1 
10 Androfo * Am. Bahama I, Bahama I. * 30 N 7 648 og 1 | | 
1. Angaſay Africa Madagaſcar flndian Ocean 17 00 S.] 58 40 E 444.4 i 
[C. St. Angelo +. [Eu. Turkey {|Archipelago 36 27 N. 33 38 E:-| . | 5 
Mount St. Angelo Eu. [Italy IMedit. Sea 41-42 N. 16 16 Ek.. A 
R Eu. Tercera Atlantic”; 38 39 N „ r 
R. d' Angra Africa] Ethiopia N. Atl. Ocean ori oO N. e : 
tC. d' Anguilhas Africa Caffers Indian Ocean 34 50 8 20 00 E.j n 
fl. Anguilla Am. Antilles If. Atl. Ocean | 18'15 N.] 62 57 W. 1 + 
tC. Anguille [Am. Newfoundl. | Atl. Ocean 47 55 N. 59 12 Wp:d. 2:4 | 
I. Anholt (Lights) Eu. Denmark [Sounßeg 56 44 N.] 12 44 E. ob. oom. 
C. Anne Am. Nen Eng. j Weſt» Oceans} 42 50 N. 70 27 W. 82 15 
|C. Queen Anne f Am. Greenland North Ocean, | 64 15 N 5o 30 W. - 
d. Anne's Foreland - Am. N. Main (Hudſon's Str. 64 o N.. 74 36 WF. 
r ee or Af Friendly If. Pacif. Oc | 20 16 8. 174 30 6 * | 
Annapolis Royal [Am. Nova Scotia B. Fundy 44 52 N 64 oOo W . i 
1. —— N Am. Caribbee If, Atl. Ocean 16 3 N. 64 4W j& | 
| Antibes | Eu. France Medi. Sea 43 35 Nj. 7 09 1 39 
I. — - point . | B. St. Lau- 2 NI 64 04 W. 1 
I. ph 2 e. Canada { 4 rence = — NI 61 42 W. | 
3 Afia Syria Medit. Sea 36 o8 NI 36 17 E. 5 B 
C. d' Antiſer IEu. France Eng. Channel] 49 47 N. oo 34 E. 450% 4 
C. Antonio Am jIfle Cuba Atl. Ocean J 21 45 N.] 84 ogW| ©... 
I. St. Antonio Afries Cape Verd Atl. Ocean | 17/00 N.] 25 o2 W-. 
C. St. Antony [Am. Magellan Atl. Ocean 54 46 8] 63 42 Ww. 
Antwerp _ Eu. Flanders IR. Scheld 51 13 N. 4 24 E.| 6 oo | 
B. Apalaxy Am. Florida G. Mexico 30 oo N 83 53 KW. © | 
I. Apalioria TAfia India Indian Ocean 9 08 SJ-/..79 40 E. Wee 
Aquapulco Am. Mexico Pacif. Ocean | 17 10 N 101 40 W. U 
Aquatulco Am. Mexico Pacif. Ocean | 15 27 N.] 96 o 3 W. | | 
Archangel Eu. Ruſſia White Sea 64 34 N 38 59 E. 6 oo F 
Arcot | {Afia India Ialand 12 51 N.] 79 33 E. 1 8 
I. d' Areas Am. Mexico . Mexico 20 45 N.] 92 35 W. TE | 
Arenſburg Ee. 71; Baltic 58 15 N.] 22 11 E... 
Arica fam. peru Pacif..Ocean | 18 27 8. 71 os W. | 5 
1. Arran Eu. Ireland St. Geo. Ch. | 54 48 N.] 8 fo W Iii oo | 
Aruba Am. Weſt Indies Atlantic 12 35 N 69 2 W2?9ꝗS | | 
1. ere : © |Brafil - apa e 7 55 8. 14 16 W. 1 
I. Aſſinari c FE 1 4 1 
Sanne E. n — [Medit.Sea 4 os N $368: 4 
R. Aſhley Am. Carolina Atl. Ocean | 33 22 N 79 50 W. o 45 
R. Aſſene Africa} Guinea Atl. Ocean 5 30 N. 2 20 W. oy 
I. Aſtores 4 Africs| Madagafcar Indian Ocean] 10 22 S.| 53 25 E. 1 
Aſtracan | . [Aſia Siberia Caſpian Sea | 46 21 N.. 28 8 E. 
| Athens Eu. Turkey We 3 5 N. 23 52 E. = | 
Atkin's Key Am. Bahama Iſles] At}. Ocean 22 07 N:| 974 26W.| >"; 
| Atwood's Keys Am. Bahama lſles| Atl. Ocean 21 22 N 72 04 w | 
IC. As Aſia Japan Pacif, Ocean 34 45 N.] 141 oo E. / 
HL, Aves, Sotovento Am. Terra Firma Atl, Ocean 15 26 N.] 66 15 W. f 
| C. St. Auguſtine. [Am. Braſil Atl. Ocean ; 48 S.|. 35 Oo W. ; 
c. St. Auguſtine Aſia Mindanao |Pacif. Ocean | 6 40 N. 126 25 E.“ #4." 
| St. Auguſtine Am. Florida {Atl. Ocean 30 to N.] 81 29 W. 7 30 
St. Auguſtine Africa Madagaſcar Indian Ocean] 23 3s e 
Aurora | Aſia N. Hebrides |Pacif. Ocean | 15 S | 168 17 E. 
| Aydbab Africa Egypt Red Sea 21 53 N.“ 36 26 E. 
Aab 4 Aſia [Arabia Red Sea 29 08 N. 35 41 E. 
1 1 | v4 l 
Babelmondel Straits Africa Abyfinia Red Ses 12 50 N.] 43 50 E. 
C. Baba Afia' Natolia Archipelago 39 33 N.] 26 22 E. | 
II. Bachlan Afia Moluccalſles Pacif. Ocean 00 40 N. 123 00 E. — 
Bagdad 4 Aſia Meſopotamia Inland 33 20 N.] 44 26 E | 
I. Bahama Am. Bahama Iſles Atl. Ocean 26 45 N. 78 35 W 
Bahama os 4 N. * Am. Bahama Iſles Atl, Ocean 27 50 N.] 78 43 W 4 
E. W ' Africa|Negroland - | Atl, Ocean 26 29 N. 14 36 W. © oo 
: 5 Faker 


; | Names of Places. 


GEOGRAPHY. 


Cont. 


Countries, | 
1 Baker's Dozen Am. | Labrador 
- I Balaſor Aſia | India 
Baldivia Am. | Chili 
1. Bali Afia | Sunda Iſles 
Baltimore Eu. Ireland 
l. Banca $5: 90a, (Ade Sende Ine 
Banca 3 N. W. end nda Ifles 
I. Banda M $52 | Molusccalſles 
Bangalore *#FAfia | Myſore 
Banja IAſia I. Borneo 
| Banks's Iſle |Afia N. Zealand. 
Bantam Aſia I. Java 
IB. Bantry Eu. Ireland 
II. Barbadoes F 
| Bridge-town : Am. | Caribbeelfles 
Ie. Barbas be | Africa Sanaga. 
| Barbuda am. Caribbeelſles 
C. Barcam Eu, | Greenland 
| . Barcelona Eu. Spain 
Ice. Barfleur Eu. France 
A Bargazar Point | Eu. | Iceland 
| II. Bardſey Eu. | Wales 
| [i Barren Iſle | Afia | Andamans 
£2” -: BC. Barſs Eu. | | Ruffia 
II. Barnevelt Am. T. del Fuego 
: I, Battholomew Am. | Caribbeelfles 
II. Bartholomew Am. N. Hebrides 
I. de Bas Eu. France 
Baſſora Aſia Arabia 


C. Baſſos, or nos 
Baſſos de Banhos 
Baſſos de Chagos 
I. Baſſus des Indes 
Batavia 
Bayonne 

Bayona Iſles 
Beachy Head 
Bear- bay 
N. Bear 4 

8. Bear 

I. Beerenberg _ 
Belcher's Iſles 
Belfaſt 

Belliſle 

Belliſle 
Bembridge Point 
Straits of Belliſle 
Bell Sound 
Bencolin 

Bender 

Bengal 

Bergen 

& Berlin 

I. Bermudas 

I. Bermaja 
Berwick 

Berry Point 
Birds Iſland 
Bilboa 

I. du Bic 
Blackney 

Black Point 
Black Iſle 

C. Blanco 

e. Blanco 
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Vol. I. 


Am. 


Africa] Anian | 
| Africa] Zanguebar + 


Afia | India 
Africa Zanguebar 
|Afia I. Java 
Eu. ] France | 
Eu. Spain 
Eu. England 
Eu, | Greenland 
Am, [Labradore 
Eu. — 
[Am. | Labradore 
Eu. | Ireland 
Eu. France 
Am. {| Newfound. 
Eu. [Iſle Wight 
| Am. Newfoundl. 
Eu. Greenland 
| Aſia. I. Sumatra 
Eu. Turkey 
[Aſia. India 
Eu. MY Norway 
Eu. Germany 
(Am: Bahama Iſles 
| Am. Mexico | 
| Eu. | England 
4 Eu. England 1 
Am. Acadia It 
Eu. Spain 
Am. {Acadia 
Eu. | England | 
Eu. |} Greenland 
Eu. Nova Zem. 


Africa] Negroland 


Patagonia 


— 


Dd 


27 


Coaſt. Latitude. Longitude. 
| » , 3 , 
Hudſon's Bay| 57 ON. 
B. Bengal 21 20 N 86 oo E. 
Pacif. Ocean 39 38 8 73 20 W. 
Indian Ocean | os S.] 114 30 E. | 
Weſt, Ocean] 51 16 N 9 r“ 4h 30m. 
5 | 15 8.] 107 10 E. 
Indian Ocean 3 6 105 30 E. 
Indian Ocean 4 30 N.] 127 25 E. | 
Inland | 13 © N.] 77 42 E. | 
Indian Ocean | 2 27 S.] 113 50 E. | 
Pacif, Ocean | 43 45 S.] 172 40 E. | 
Indian Ocean 6 15 S,} 106 25 E. 
Atl, Ocean 51 45 N 10 46 W. | 
Atl, Ocean 13 05 N“ 59 36W. | 
N. Atl. Ocean 21 50 N.] 16 26 W. | 
Atl. Ocean 17 46 N.] 61 47 W. | 
North Ocean | 78 18 N.] 20 06 E. 
Medit. Sea 41 26 N. 218 B. - | 
Eng. Channel} 49 38 N. 1 16 W.] 7 30 
North Ocean 66 30 NH 17 12W. 
St. Geo. Cha.“ 52 44 N.] 5 Oo W | 
Bengal Bay 12 14 N. 93 47 E. | 
{ White-Sea 66 30 N.] 38 co E. 
South. Oceanj 55 49 N.] 66 53 W. 
Atl. Ocean 17 56 N 63 11 W. | 
Pacif. Ocean 15 42 N.] 167 22 E. = 
Eng. Channel] 48 50 N. 4 ooW.| 3 45 | 
Perſian Gulf | 29 45 N.] 47 40 E. | 
Indian Sea 4 12 N.]! 47 07 E. | 
Indian Ocean 5 00 S.] 48 08 E. f 1 
Indian Ocean 6 42 8. 68 20 E. i 
Indian Ocean 21 19 8] 41 43 E 4 
Indian Ocean 6 12 8. 106 45 E = i 
B. Biſcay 43 30 N.] 1 3oW.| 3 30 
Atl. Ocean 41 45 N. 9 o1W.|  _ | 
Eng. Channel] 50 44 N o 25 E. o oo | 
North Ocean] 79 10 N. 24 15 E. r 
, 54 40 N. 5 ; y 1 
Hudſon's Bay $4 25 N. 8 oW.12 oo WÞ 
North Ocean | 71 45 N. 4 30 E. _- 1 
Hudſon's Bay | 56 N.] 83 4 W. 5 
Iriſh Sea 54 43 N 5 Sz W. 1o © 
B. Biſcay 47 21 N 3 O01 W, 3 30 
Atl. Ocean | 5 55 N.] 55 25 W. 
Eng. Channel] 50 40 N 1 OW. 
Atl. Ocean 51 48 N 56 oo W. 1 
North Ocean | 77 15 N 12 40 E. = 
{Indian Ocean 3 49 S.] 102 5 E.] | 
{Nieſter 46 50 N 29 41 E;| * | 
B. Bengal 22 O0 N.] 92 45 E. 3 
Weſlern Oc, | 60 10 N 6 14 E. "| 
R. Elbe 52 33 N.] 13 26 E. | 
Atl. Ocean * 33 N 63 23 W. 7 oo 4 ; 
G. Mexico 21 40 N 92 5pW. 1 
Germ. Ocean} 55 45 N 1 5 W.] 2 30 1 
Eng. Channel] 50 37 3 49 W. 
G. St. Lawr. | 47 44 N.] 60 24 W. 18 
B. Biſcay 43 26 N 3 18 W. | 
R. St. Lawr. 48 30 N.] 68 36 W. 2 ©. | 
Germ. Ocean] 53 20 N. o 55 E., 6 oo 
North Ocean | 78 oo N.] 10 50 E.“. 
North Ocean | 72 52 N.] 52 35 E.“ So 
Atl. Ocean $0.58 MN. 17 $W.| 9 45 | 
Atl. Ocean 47 20 8.] 64 37W. 2 
| | 1 
C. Blanes 
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Names of Places. Cont. Countries. Coaſt, Latitude. Longitude, H. Water. 
| — : ——— — —— — — — — — ö | 
| | ©. :/ 25 e || 
JC. Blanco Eu. Greenland | North Ocean] 77 58 N.] 20 04 E. | 
I. Blanco IAm. |Mexico Pacif. Ocean] 43 32 N.] 124 oe W..“ | 
oQ I. Blanco, Sotovento | Am. Terra Firma] Atl. Ocean 11 42 N.] 64 20 W“ 
Blanchart Race Eu. France Eng. Channel| 49 42 N. 2 038 W. oh. oom. 
Blaſques + Eu, Ireland | Atl. Ocean | 52 co N 10 560 WW. 
| Blavet, or Port Louis Eu. France IB. Biſcay |} 47 45 N.“ 3 iz W. 3 © 
| Bocachica IAm. | Terra Firma Carib, Sea 10 20 N 75 30 W. | 
IC. Bojador . Africa; Negroland Alt. Ocean | 26 12 N. 14 22 W. 
{ Bolabola Aſia Society Iſl, | Pacif. Ocean | 16 3z 11 $24. Wt + 
R. Bolſhaya [Aſia [Siberia | Pacif, Ocean 52 48 N. 157 00 E. 
* Bolt Head Eu. England Eng. Channelf 50 17 N. 3 48 W.. — 1 
| I. Bombay Afia India Ingjan Ocean] 18 57 N 72 43 E. "v4 
| Bona Africa Tunis Mediterren. 37 08 N.“ 7 10 E. | 
% C. Bona [Africa Tunis Mediterran. 37 10 N 10 oo E. 
L. Bona viſta Am. |Newfound]l. | Atl, Ocean J 48 $54 N.] 52 33 W. 
I. Bona viſta Africa C. Verd Ifles| Atl. Ocean | 46 O5 N.] 22 42 W. 7 
g C. Bona fortuna Eu. |Ruflia White Sea 65 35 N.] 38 25 E. 
I. Bonayre, Sotovento | Am. Terra Firma. Atl. Ocean 11 52 N.] 67 20W- 
IB. Bonaventura Am. Terra Firma Pacif. Ocean 3 18 N.] 76 50 W. g 
; by Bon'Eſperance Africa Caffers Indian Ocean 34 29 8. 18 23 E.] 3 00 
2 838 | | 5 | 5 1 12 of) 1 Gr 5 EA 
= } Weſt point { | | 1 | 1s; N.] 108 57 E. 
© J North point Aﬀa- We India Ocean . - 4 N.] 113 3 ö 
by South point } | js AG he & 112 O5 E. 
III. Bor- 7 Borneo | 18 5 oo N.] 112 15 E. 
neo . 1 1 . Ocean 1 5 50 8. 108 35 E. + 
III. Bornholm Eu. Sweden Baltic Sea 55 12 N.j 15 50 E 
I Boon Eu. England Germ. Ocean] 53 10 N.] o 25 E 
Boſton [Am. New Eng. } Atl. Ocean | 42 25 N. 70 3 W 
— Þ Botany Iſle Afia N. Caledoniz{ Pacif. Ocean | 22. 27 8. 367 12 E.| | 
Botany Bay - jAfia N. Holland | Pacif. Ocean | 34 06 8. 154 20 E. 8 © 
Þ Boulogne LB France | Eng. Channelſ 50 44 N 1-40 E. 10 30 
1. Bourbon, St. Den. Africa Madagaſcar Indian Ocean 20 52 8. 55 35 E. | | 
| Bourdeaux Eu. [France B. Biſcay 44 50 N o 3% W. 3 co 
fl. St. Brandon Africa Madagaſcar | Indian Ocean] '16 45 S.| 64 48 E 
B. Brandwyns Eu. |Greenland North Ocean | 79 50 N.] 26 20 E. 
I. Bravas Africa C. Verd {| Atl. Ocean | 14 54 N 24 45W.| 
Bremen Fu. {Germany KR. Weſer 53 30 Na 9 00 E. 6 oo 
Breeſourt, a ſand Eu, D. Neth. Germ. Ocean] 53 12 N 5 15 E. 4 30 
I Breflau 5 Eu. Fileſia R. Oder 1. 51.03 N. 17 13 E. R 
ret Eu. France B. Biſcay | 48 23 N 4 26 W. 3 43 
B Breſt Am. New Britain | Weſt. Ocean | 52 10 N 32 20 W. | + 
> Cape Bret Aſia N. Zealand |Pacif. Ocean | 35 o7 S. 173 52 E. * 
B. iage Town © Am. I. Barbadoe: | Atl. Ocean 13 05 59 36W. 4 SE ; 
{Bridlington Bay Eu. | England Germ. Ocean | - 54 07 N.] o 04 E. 3 45 ” 
Brill 1 5 Eu. D. Neth, Germ. Ocean 31 56 N 4 10 E.| 1 30 
Bion Iſle Am. Acadia G. St. Lawr. 47 50 N 60 47 W 5 
Briſtol - Eu. England St. Geo. Ch. 31 28 2 30 W. 6 45 
C. Briftol _. Am. Sandwich L.] Atl. Ocean | 59 2 8 26 46 W.. 0 
% ¶⸗ »Eʒ IC N W 
| + 78 5 47 54 N. 39 55 
3 34. Scateri Am. Acadia Atl. Ocean 4 46 01 N 615 | 
Be: North Cape - . 5 | oc; N. 60 J W. 5 
— - . 3 | 47 85 
I. Mathias | „„ ty 2 00 8. 147 50 KE. 
s = 1 point | 8 N +, | | 2 30 S., 148 40 E.. 
E) S. W. point . 3 Js 00 S.] 146 37 E.“ 
2 Strait Dampier es |New Guinea} Pacif, Ocean 6 15 8. 146 13 E. 
Ly C: St. George } _. | ES oe 5 30 S.] 150 55 E. : 
* J. St. John. ; 5 4 20 S.} 152 40 E. 
WM Brufſells Eu.  TFlanders [[oland Jo 51 Nel 4 22 k.. 
| Buchaneſs | Eu. Scotland Germ. Ocean] 57 29 N. 1 23 W. 3 00 
ZBoenos Ayres am. Braſil JAtL. Ocean 34 35 8. $ SW. IJ 
Fi Bukaroſt © Eu. Walachia Inlaneg 44 27 N.] 26 13 E. 
C. Buller IAm. 8. Georgia Atl. Ocean $$} - 27.490 Wl : 
| Burgaford point * 88 North Ocean 88 og N.] 16 34W. | 
. | 5 . | „ 5 Burgess 


Names of Places. | | Countries. f - Coaſt, Latitude. Longitude. H. Water. LN | 
05” 8 1 
Burgeo Iſles Am. Newfoundl. Atl. Ocean 5 47 36 N. 57 31 W. lll» | 
Burlings, rocks Eu. Portugal Atl. Ocean | 39 20 N. 9 32 W. 1 il 
Burlington Ev. England Germ. Ocean] 54 oo N. o O8 E. 1 
Button's Iſles Am. New Britain | Hud, Straits | 6o 35-N. 65 20 W. 6h. zom i 
Cape Byron Afia N. Zealang | Pacif. Ocean 28 39 8.] 153 31 E. 7 
F Byron's Iſle | Afia I pPacif. Ocean | 1 18 8 170 6W. | 4. 
Hop * | 7 1 | + | \ 3 
P. Cabello | Am. Terra Firma Carib. Sea f 10 31 N.] 67 27 W. 1 HW 
II. Cabrera Eu. Italy Mediterran. 43 10 N.] 9 11 E.| * 1 
$i Cad:z Eu, Spain Atl. Ocean 36 31 N. 6 OW. 4 30 |Þ. oy || 
Caen | Eu. France Eng. Channel] 49 11 N. O 17 W.| 9 oo |f 1 
Cagliari, I. Sardinia Eu. Italy Medit. Sea 39 25 N. 9 38 E. | 7; 
3 Eu- Finland - {Baltic Sca 64 13 N. 27 . I 17 hk 1 
es Caicos, or | 74 . 21 27 N.] 71 24 W. ## WE © 
N Am. Bahama Iſſes Atl. Ocean 12 : N. 5 31 | | 1 
Calabar 7 : Afﬀrice| Guinea |Eth. Ocean 3 4 30 N. : 1 hh 
New 5 2 | oo N. . j 
C. Calaberno . [Afia {Natolia 1Archipelago 38 42 N. 2& 7 E | 7 ny 
j| Calais. Eu. France Eng. Channel] 50 58 N.] 1 51 E. ir 30 ff | * 
C, Calamadon Asta india B. Bengal 10 22 N. 80 40 E 3 1 
Calcutta jAfia India IB. Bengal 22 35 N. 88 34 E. | 3; i 4 
Caldera jAfia I. Mindano Pacif. Ocean 700N| 121 25 E. | 'v 
I. Caldy {Eu. {England Sr. Geo. Ch. | 51 33 N 5 14W.| 5 15 1 
Calecut  {Afia India Indian Ocean 11 15 N 75 39 E. | FF 
Cairo Africa] Egypt R. Nile 30 02 N. 31 26 E. A lx 
Callao Am. [Peru Pacif. Ocean | 14 2 S. 76 53 W. | 1 
b. Calymere Afia India B. Bengal 10 20 N. 80 00 E [| = i 
I. Great Camanis Am. | Weſt Indies | Atl. Ocean 19 18 N. 80 29 W. 1 1 ifs 
1. Little Camanis | Am. |Weſt Indies | Atl. Ocean 19 42 N 79 20 | 19 
Camboida _ Afia | India Iadian Ocean] 10 35 N 104 45 E. 1 FR 
Cambridge Eu. [England | 52 13 N o 9 E | #4 
Cambridge Am. N. England B 42 25 N. 71 5 W SY ih 
CR e rica} Algiers edit, Sea 37.18 N, 45 4 
O. Cameron Am. New Spain | Atl, Ocean 15 35 N 83 29 W 
R. Camerones | Afﬀric: | Guinea Atl. Ocean - 3 30 N. 9 10 E 
B. Cameroncs Am. Magellan | Atl, Ocean 44 50 S. 67 10W.| | | | 
Samfer, a fand It, D. Neth. [Germ. Ocean] 53 33 N 5 30 1 30 
Camin Eu. [Germany Baltic 54 04 N. r 1 
C. Campbell Aſia N. Zealand |Pacif, Ocean | 41 51 8.] 174 41 E | 
Compeachy Am. | Yucatan Atl, Ocean | 19 36 N.] 90 53W.| 1 
I. Canaria Africa] Canaries Atl. Dcean 23 or N/ 15 0 2 8 | | 
| 15 Candenoſe Eu. Kuſſia North Ocean 69 25 N. 45 30 E i 
C. St. John, W. Pt. | TAR C35 12N[ 2354E | 
3 Candia Eu. Turkey Medit. Sea 4 35 19 N.] 25 23 E | 
C. Solomon,E.Pt| _ IIa si NI 27 06 E. 1 
Cari Aſia . Ceylon Indian Ocean| 7 54 N 81 53 E. | 
Candlemas Iſles Am. Sandwich L. Atl, Ocean | 57 10 8 27 13 W | | 
I. Candu Aſia India ladian Ocean| 7 30 8. 77 55 E 1 
C. Canſo Am. Nova Scotia | Atl. Ocean 45 13 N. 60 48 W | 
Canſo Paſſage Am, |Nova Scotia | Atl. Ocein 45 20 N 61 OO W. 
C. Cantin Africa Barbary Atl. Ocean 32 41 N 9 01W.| o oo |f 
Cantire, Mul Eu. Scotland | Weſt Ocean 55 22 N 5 45 W.. 
[Canton Afia China {Pacif. Ocean | 23 08 N| 113 07 E. 8 
Cape Town Africa Caffers Atl. Ocean | 33 55 8 18 21 B. 2 30 
I. Capri | Eu. Italy Medit. Sea 40 34 14 11 E 
I. Capraya Eu. Italy IMedit. Sea 43 C3 N 10 15 E 
C. Carapar Aſa India B. Bengal 19 22 N.] 86 05 E | 3 
Caraccas Am. Terra Firma} Atl. Ocean 10 06 N 66 45 W b ö 
Caries, or Hacluits Ifles| Am. Greenland {Baffin's Bay | 77 15 N 62. 00 W | . 
Carinda Point Am. California |Pacif. Ocean 38 24 N.] 124 25 W. | 
Carleſcroon Eu. Sweden Baltie 56 20 N.] 15 31 E. i 
(Carliſle Eu. [England Iriſh. Sea 54 47 N 2 35 
c. Carmel Afia Syria | Levant. 33 08 N.] 25 35 E. h 
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| | Boe | | | 1 N. © - 7 7 
Caroline Iſles, limits Af fecit Ocean [$7 c N. 127 25 KE 
IC. Carthage Africa Barbary Medit. Sea 36 52 N. 10 31 E. 
Carthagennn Am. Terra Firma] Caribbean Ses] 10 27 N.] 75 22 W.]- 
{ Carthagene Zu. Spain 7 Medit. Sea 37 37 N. x 03 r | | 
FJ Carteret's Ile . . Asia New Britain |Pacif, Ocean 8 26 8.1 95 1 | { 
Cary's Swan's Neſt Am. Hudſon's Bay] 62 20 N.| 83 30 W. i | 
I Caſan | Aſia Siberia Inland 55 47 N.] 49 20 E . | 
FI Caſkets , {[fu. I. Guernſey Eng. Channel] 49 50 N. 2 26W | Ih. gm. Fo 
Ic. Caſſander ku, [Turkey Arxchipelago 40 02 N. 23 41 E. 35 . 
II. St. e Am. Braſil Atl. Ocean 27 35 — 49 = 105 4 | | 
| „point A. 24 50 46 Ws oY 
Cat Ine 3 8. 1 - | 3 ene Atl. Ocean ; E 48 7s. ih 
Cathneſs Point 7 VER | | | | ris 
| —— Head Eu. dcotland | Weſt. Ocean | 58 42 N | 3 17 W. 9 90 
Catenea ku. I. Sicily [Medit. Sa 42 40 N.] 20 30 E. 
0 [Cavan Zu. {ireland Inland 84 52 N. 7 18 W. jd» | 
JC. Catocha | Am. {New Spain Caribbean Sea 20 48 N.] 86 35 W. 1 
I. Cayenne | j am. | Cerra Firma Atl, Ocean 4 56 N. 52 10 W. . 
1. Cephalonia Eu. [Turkey Medit. Sea 38 20 N.] 20 11 E. oY 
Ceuta AE Africa] Barbary * |Medit. Sea |} 35 49 N] 5 25 W.. 
© Chain TNand | Afia | 3ociety Iſles {Pacif. Ocean | 17 25 8 145 20W.| © 
| © Chandenagar +» © {[Afia [Bengal {River Ganges 22 51 N.] 88 34 E. | 
I} Charles Town . Am. Zarolina {Aſhley River | 33 22 N. 79.50W.| 3:0 | 
5 IC. Charles 4 5 I Am. Virginia [Atl, Ocean 37 TEIN. 76 C 6.4 
I. of 7 Eaſt end | ; | : 9 62 nee | 
[Charles & Weſt end Am, | Labradore Hudſon's Str. | 5 62 48 N.] 75 30 W. 10 1 5 
[c. Charles Am, | New Britain] Weſt. Ocean | 51 50 N.] $1 20W.| 
j| Charlotte's Iſles IAſia ]Guadalcanal |Pacif, Ocean 11 © 8.] 164 O E. 
IC. Charlotte Am. S. Georgia Atl. Ocean |- 54 32 8. 36 12 WW. 
| Q. Charlotte's Sound [Afia N. Zealand J?Pacif. Ocean | 4x 6 S.| 174 19 E. | 9g oO 
{Q. Charlotte's Foreld, | Afia N. Caledonia{Pacif. Ocean [ 22 15 ${ 167 18 E.. 
I. Charlton Im. [New Wales [Hudſon's Bay] 51 03 N 79 oo W. 
Chatteaux Bay Am. |Labradore Atl. Ocean 52 1 N.] 55 50 W. 
5 B. Cbebucto im. Nova Scotia Atl. Ocean 44 45 N.] 53 18 W 
8 45 Der e Im. Nova Scotia 8. Fundy ] 46 15 N.] 63 11 W. o 45 
' 3 Sone, Eu. France Eng. Channel] 49 38 N.] o 33 W. 7 30 
5 Cherry Iſſe bu. {Greenland North Ocean] 74 35 N 18 o E. : | 
- I Cbeſter Eu. England [riſh Sea $31W0Nf 225W.| | 
7 Chiddock _ Eu. {England hag Channel| 50 47 N. 3 Oo W. | 
[C. Chidley 7 Am. New Britain pHudſ, Straits | 60 22 N 65 O W. | 
1. Chiloe N. point 1 41 45 S | 
. Chiloe 38. point Am. | Patagonia jPacif, Ocean 43 50 8. 73 O5 W. 3 | 
Je. Chiokotikagg Afia Siberia {North Ocean | 64 co N. 174 45 W. | | 
: Chri tiana Eu. Norway Sound 59 25 N.] 10 30 E. 
Chriſtianople Eu. {Sweden Baltic Sea C 
Chriſtianſtadt IEu. Sweden G. Bothnia 22 47 N - 22 $0 E. | | 


_ * 


Chriſtmas Sound Am. T. del Fuego [Pacif. Ocean | 55 22 8. 70 OW. 2 30 
Chriſtmas Harbour Africa Kergulons L. Ind. Ocean 43 41 S. 69 7 E. 10 0 


* 


Chriſtmas Iſle Am. |——————}{Pacif. Ocean | 1 58 N.] 157 30 W. 
I. St. Chriſtopher's Am Carib, Ifles jAtl, Ocean 17 15 N. 52 38 W. b 
R. St. Chriſtopher's Africa] Caffers [Indian Ocean] 32 47 S.] 30 oo -k“ 
3 eee Aſia Siberia North Ocean | 66 30 N.] 171 10 W... | 
[C. Churchill ?“ | 8 8 N. ro W. bo 
| " = grey e e Gs . 34 e W. 7 % 
” Op 1. Chuſan * 8 Aſia [China N Chineſe Sea 7 30 oo N. 121 50 E. | 8 þ 
= ge pay : 3 : | | "BY: 
[Civita Vecchia Eu. Italy Medit. Sea 42 N. 11-34 K | 
c. Clear Eu. {Ireland [Weſt. Ocean | Ft 18 N. 9 50W.|4 30 
| Clerk's lies Am. 8. Georgia Atl. Ocean | 55 6 S. 34 37 W. Br ONE 
Len |Afia India F Iadian Ocean] 22 00 S.| 95 40 E. 
| . Cochin _JAſa India Indian Ocean 9 50 N.] 76 05 Ei | 
oh, | I. Cocos Aa India Indian Ocean] 12 20 8. 10 E. 1 
. I. Cocos Am. Mexico P[Pacif, Ocean | 5 00 N. 88 45 W.. 4 
I. Cocos Ala India B. Bengal 14 ON. 3 16 Ef il 
7 * xs wh New Eng. Wt Ocean | 42 15 N, 9 27 W. | 
VFC Colcheſter 


| Book VI * 


GEOGRAPHY. 


* 


381 


* — p | '% it 
: ; Fi} 
1 [ Names of Places. Ge Countries, Coaſt, Latitude. 22: >> H. Water 1 9 ü 
| 5 | 0 ba * 
| Colcheſter Eu, |Englans Germ. Ocean] 52 Go N.] © 58 E. 1 "I 
" UC. Cold. Eu. [Greenland North Ocean | 79 oo N. 10 00 E. { i 
e. Colnet | Afia N. Caledonia] Pacif. Ocean | 20 30 S.] 164 56 E. f 1 
R. Colerado | Am, New Spain [G. California] 31 40 N.] 115 25 W. | | 
I. Colgau Eu. IRuſſia North Ocean 9.20 N.] 45 00 E. 4 's 
| Collioure.- Eu, {Spain | Medit. Sea 42 31 N. 3 10 E. 1 jy 4 
C. Colone Eu. [Turkey Archipelago 37 43 N. 24 41 E. 11 id j 
cc. Colone | Afia Natolia | Archipelago | 39 10 N.] 27 04 E. ] 1% 
C. Colonni Eu. Italy | Medit, Sea 38 56 N.] 18 05 E. [i bY! 
[C. Colville | Aſfia N. Zealand |Pacif. Ocean] 36 27 8. 174 48 B. } f 
| Comana Am. [Terra Firma] Atl, Ocean 10 oo N.] 65 07 W. | 
IC. Comarin Aſia India Indian Ocean 7 55 N. . 8 7 E. 
| C. Comfort Am. New Wales | Hudſon's Bay] 64 45 N.] 82 3oW-| - 
| Concarneau Eu, France B. Biſcay 47 54 N. ; 50 W. zh. oom. 
e. Conception Am. |Calefornia | Pacif. Ocean 40 N.] 126 Of W. | 
B. Conception Entra Am. | Newfoundl. | Atl. Ocean 48 35 N. 50 07 W. A 
| Conception | Am. [Chili Pacif. Ocean 36 43 8. 73 13 W | 
R. Congo Africa Congo Eth. Ocean 5 45 8. 11 53 E. 
II. Coningen Afia N. Zealand |Pacif. Ocean | 34 30 S.j 164 25 E. } 
| Coningburgh Eu. .|Poland Baltic Sea 54 44 N. 21 53 E. ; | 
| Conquet Eu. France Eng. Channel] 48 30 N. 4 35 W. 2 15 
| C.. Conquibaco Am. Terra Firma] Atl. Ocean | 12 15 N.] 69 57 W. 
| Conſtantinople Eu, {Turkey Archipelago 41 oo N. 28 53 E | : 
g| Cook's Straits Afia N. Zealand |Pacif. Ocean 41 6 S.] 174 30 E. 1 
Cooper's Ifle Am. S. Georgia | Atl, Ocean 54 57 8. 36 OW. 3 
[Cook's Ten Eu. [Ireland Ad. Ocean | 34 38 N.] 6 35 W. | 
[Copenhagen Eu. {Denmark Baltic Sea 55 41 N. 12 40 E. 3 
| Coperwic ku. {Norway Sound 59 20 N. 10 10 E. 
1. Copland Eu. Ireland Iriſh Sea 54 40 N. 6 40 W. ol 
5 I. Coquet Eu. England Germ. Ocean] 55 20 N. 1 25 W. 3 oo 
A R. Coquimbo Am. Chili | Pacif, Ocean | 29 54 S.] 71 10W. 
C. Corbau Aſia  |Natolia Archipelago | 38 03 N.] 26 58 E. 
w d Eu. France B. Biſcay { 45 30 N.] or 10 W. | 
Corea, South limit {Afia China _ {Pacif, Ocean 34 50 N. 12 5 ; | 
I. Corfu IEu. {Turkey Mediterran. 39 50 N. 19 48 E. 1 
« Corientes I Africa |Caffres Indian Ocean] 24 08 8] 36 49 E. ö 
C. Corientes Am. Mexico {Pacif, Ocean | 20 18 N.] 108 O W.!“ 
I Corinth Eu, {Turkey Archipelago | 37 30 N. 23 O0 E. ; 
Corke Eu. {Ireland St. Geo. Ch, 51 54 N. 8 30 W. 6 30 
4} P. Cornwallis Aſia | India B. Bengal 33 27 Noſ: 93; 3 E. 10 oo 
C. Coronation IAſia N. Caledoniaſ Pacif. Ocean | 22 5 8.] 167 8 E. 
C. Corſe Yi Africa ae Eth. Sea 5 12 N. 0 23 Ws 0 
1 C. Corſo, pt. f 8 | | N. 9 40 KE. 
OS 12 S. pt. . r Mediterran. 175 — N. 9,26 E. | 
I. Corvo ' Eu. Azores | Atl. Ocean 39 42 N.] 31 oz W. 
I. Coſmoledo ' . Africa] Madagaſcar Indian Ocean] 10 28 8 51 40 E.“ ö 
I. Coudre _ Am. {Canada R. St. Lawr. | 47 31 N 6g 2 W. 
Cowes Eu. 1. of Wight | B, Channel 50 46 N. 1 15 W. 8 N . 
Cow and Calf Eu. Ireland Weſt Ocean 51 22 N. 10 30 W. | 
I. Cozumel Am. |Yucatan {Atl. Ocean 19 36 N, 86 35 W 
Cremſmunſter Eu. Germany Inland 48 3 N 14 E. | 
R. Crocei Aſia |China B. Nankin 34 06 N.] 120 10 E. | 
Cromer ** Eu. [England Germ. Ocean| 53 05 N © 56 E.| 7 oo 
Crooked I, N. point Am. Bahama | Atl. Ocean 22 47 73 5oW.| 
ae || 2G Ev. Ruſſia White Sea 66 31 N. 36 33 F. | 
| Croſs Point Eu. Nova Zem. North Ocean | 72 go 53 12 KE. | 
{Croſs Cape Am. Pacif. Ocean | 57 58 N.] 136 39 W. 
. St. Cruz Africa Barbary Atl, Ocean 30 36 N 9 35 W. | 
J. St. Cruz Am. Antilles I, | Ath, Ocean 17 53 N.] 64 55 W. | 
fc. Antonio, W. pt. 21 45 N. 84 o5W.|. | 
P. de Mais, E. pt. E „ 20 03 N. 74 52 W. 
3 Hollow Cape Am. Antilles I. Atl. Ocean 29 42 N. 77 25 W. 
St. Jago r ' 1 20 03 N. 75 51 Wo | | 
| St. ary | 3 ; | & 1 21 26 N. 78 10 W. | 1 | : 
| | | 
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Names of Places. | Conts Countries. Le Coaft. - | Latitude. | Longitude. M. Water. 
— er — 7 X BET” A . OF:. wate | | | 
By — 009 3 13 
fa CLe St. Eprit | | ff ge e , 79 5 . | 
12 4 Havannah- © Am. Antilles I. Atl. Ocean [423 12 N.] 81 45 W. | 
CB. Hondy B ö | 22 54 N. 8z 40W.þ E 
{Cubbs Iſles _ Am. New Wales Hudſon's Bay] 54 15 N.] 82 34 W. 
LCubello _ Aſia Ind. Malab. | Indian Ocean] 7 50 N. 71 55 E.“ 
[Cuddalore Aſia India IB. Bengal 11 4 N.] 79 51 E. 

© FC. Cumberland [Aſia N. Hebrides | Pacif. Ocean 14 40 8 166 47 E. 

| Cumberland Iſles Afia Society Ifles | Pacif. Ocean | 19 18 8. 140 36 E. 

B. Cumberland [Am. | North Main | Davis's Str. | 66 40 N.] 65 20 W. 
[Cumberland Houſe Am. New Wales lalane |} 53 57 N.] 102 4 W. 5 

K Curaſloa ns Terra Firma Atl. Ocean | 11 56 N 68 20 W. 
I. Cuzzola Eu. [Turkey |[Medit. Sea | 42 50 N.] 16 35 E. 
2ufco Am. Peru Inland 12 25 8 73 35 W 
72 8 „„ e | (35/94 Bj. [33-06 Eel 
Ke. St. Andr.E.pt.|,. |o . Inga: | 3540 NI 33 0 ; 

Bo } C. de Gaffe, 2 ons e | 1 | a | 
5 5 9 8 | 34 35 N.] 33 41 E. 
| | of | Ws * 5 - 
Dabul | Aſia [India | | Arabian Sea f 18 24 N 73 33 E. | 
Dahlak _ | Afia Arabia Red Sea 15 50 N 41 44 E. | 
Iſtes of Danger Afia Society Iſles [Pacif. Ocean | 10 15 8. 165 50 W. 
5 ew won ; ; Eu, Livonia - pBaltic Sea | 58 f N 22 32 K. | 
Dantzic | Eu. Poland Baltic Sea 54 22 N 18 39 E. 
Str. Dardanels Eu. | Turkey [Archipelago 40 10 NI 26 26 E. 

ol ph Darien Am. fTerra Firma ] Caribbean Sea 8 45 NI 76 35 W.. 

Ne. Darbß E Beering's St. | 64 21 N] 162 55 W- 
!Dartmouthy Eu. [England Eng. Channel] 50 27 N 3 36 W. 6h. zom. 
l. Daſſan - fAfrica Caffres IA Ocean 3325N{ 18 7 8 | 
I. Dauphin Am. Louiſiana 8. Mexico 29 40 NI 87 53 W YN 
t. David's Head Eu. [Wales St. Geo. Ch. P 51 55 NI 5 22W.| 6 oo | 
Fort St. David's Asia India Coroms Coaſt 12056 N fo . | 

I. Deſeada Am. | Carib. Iles All. Ocean | 16 36 NI 61 10 "1 
C. Deſeada Am. f T. del Fueg [Pacif, Ocean 25 53 48 74 13 W. if 
FC. Defire Eu. }Nova Zem. North Ocean 77 45 N 79 20 E. | 
C. Deſolation | Am. | Creenland | North Q.canf 61 45 NI 2% OW 
{ Devicotta Afia India TB Bengal 1121Nj 380 coE.}. 
| Devil's Hes. Eu. Greenland North Ocean | 80 oo N. 11 43 E14 N 
{Dewpoint Afia [India zg, Bengal i6o7N] 8147E} | 
l. Diamond FAfia, finda _ 5. Bengal 15 50 NI 94 18 E 

K ©. Diego Y Am. T. del Fuego | St. Le Maire f 54 33 81 65 9 W 

[Diego Reyes 442 \Ind. Malab |Indian Oceao | 9 vs N 7025 k. 5 

l. Diego Garcia Africa India [Indian Ocean 7 23 8 | 72 25 RE | 
Str. Diemen IA F pan Iſles }Pacif, Ocean 31 12 N 130 55 KU | 
It. Diew [IEUu. Trance Bay of Biſcay] 46 26 N 2.20 W. = 
| Dieppe _ {Eu France Eng. Chaunelf 49 55 N. 1 12 E Jo 30 
| C. Dudley Diggs Am. Greenland |Baffin's Bay | 76 48 N | 590 o W-. ] 

BC. Diggs | Am. jLabradore {Hudſon's Bay} 62 45 N.] 78 fo ; 
po. Die Afia [india Indian Ccean | 21 37 N. o 28 K. N 

Nec. Dobbs Am. North Wales Hudſon's Bay] 63 10 N. 6 25 W. ? 
Dofare 3 As Arabia Indian Ocean ] 16 24 N 83 45 E. | 
St. Dom 85 1 k Fa 2 1 

Hiſpanigia [ Am, fAntilles r nn. 18 25 N. 69 30 — 
[. Dominices Am. |Caribbee tl. Ocean | 1518 N 6: 28 
Dordrecht Eu. D. Neth. R. Maes 52 O0 N 4 26 E. 
C. Dorfui Africa Ajan Indian Ocean | 10 15 50 44 E. 
C. Doro Eu. Turkey Archipelago | 38 02 N.] 2512 k: 
Dort | Eu. D. Neth. Germ. Ocean | 51 47 N | 4 40 E. 3 oo 
. Doſel Eu. Fern Baltic Sea 58 20 N 23 O0 E. 
{ Is. Dos Bank os Africa Zanguebar Indian Ocean 5 15 N. 49 24 E.| 
[Dover | Eu. jEngland Eng. Channel] 51 o7 N.] 1 24 Ecjin 30 
Downs Eu. | England . Germ. Ocean ; 51 23 . 1 32 E. E 
Po. Dradate Africa Egypft Red Sea 19 56 N.] 37 40 E. A 
Po. Drake, fir Francis Am. }California 4 ood | 38 45 N.] 128 35 W. | 

1 ts 
ils 1 2 93 * a Et Is 3 a 8 F pw _ 
Drake's 
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N 1 | 
| Names of Places. FRY Countries. | Coaſt, | Latitude. | Le 
| | | 8 r ö | 
: | | 5 
| Drake's Iſle Eu. [England {Ply. Sound | 51 21 N. 
Drontheim Eu. Norway North Ocean | 63 26 N 
Dublin Eu. [ireland Jlriſh Sea 53 21 N. 
Punbar IEu. Scotland JGerm. Ocean] 55. 58 N 
Dundalk Eu. [Ireland ] Iriſh Sea N. 
Don dee Eu. Scotland Germ. Ocean] 56 26 N 
Dungarven Eu. {ireland | JAtl. Ocean 5r 57 N. 
oy Dungeneſs IEu. England Eng. Channel| 50 55 N 
| [Duncanfby Head Eu. {Scotland Germ. Ocean 58 40 N 
 YDunkirk © Eu. France [Germ. Ocean] 51 02 N. 
Durnoſe Eu. I. White Eng. Channel| 50 34 N. 
Uperazze Eu. [Turkey IMedit. Sea ] 41 58 N. 
| Duſky 1. | Afia N. Zealand |Pacif, Ocean | 4547 S | 
|Eavowe = | Afia Friend. Ifles | Pacif. Ocean | 21 24 8. 
C. Eat Ada Iſchutſæi |Beering's St. | 66 5 N. 
Ic. Eaft IAm. |Szatenland Stra. le Maire] 54 54 8. 
Eaſter IN, Am. Chili I Pacif. Ocean] 27 7 8. 
Je. Edgecumde Am. I facif. Ocean | 57 4 N 
| Edinburgh» Fu. Scotland Germ. Ocean} 55 53 N. 
|Edyſtone „ Eu. England Eng. Channel| co 8 N 
| | Egmont Iſle _ IAſia | Society Ifles |Pacif. Ocean | 19 20 8. 
e. Egmont Aſia N. Zealand |Pacif, Ocean | 39 20 S. 
{Eimeo 1Afia Society Iſles | Pacif. Ocean | 17 30 S.j 1 
I. Elba Eu. Italy Mediterran. 42 52 N.| 
R. Elbe mouth ' Eu. Germany {Germ, Ocean] 54 18 Nj 
Elbing a ku. {Poland Baltic Sea } 54 12 N. 
Elfingburgh - Eu. [Sweden Baltic Sea | $6 co N. 
I Elſinore _ Eu. Denmark | Baltic Sea \ 56 oo N. 
. 1 4 1 - | 
. Elutheria. 2 Am. |Babama A. Ocean g 35 N. 
Embden Eu. Germany Germ. Ocean | 53 C5 N 
IR. Emes mouth Eu. Germany Germ. Ocean] 53 10 N. 

I| Enchuyſen _ Eu. D. Neth. Zuyder Sea 52 43 N. 
Endeavour R. _ ]Afia N. Holland | Pacif. Ocean | 15 26 8. 
I. Engano Am. Sumatra Indian Ocean] 5 oo 8. 
B. Enhorn Eu. Greenland North Sea 78 45 N. 
Epheſus Aa {Natolia YArchipelago | 28 N 
| Erramanga }AGia IN. Hebrides \ Pacif, Ocean | 18 44 8. 
| Erzerum Aſia JArminea Black Sea | 39 57 N. 
Eſtaples I Eu. France Eng. Channel] 50 34 N. 
| Euſtaria IAm. jCaribbee JAtl. Ocean 17 30 N 
| I. 1 9 | Am. Bahama Atl, Ocean | 23 25 N. 

. Ide | ſen {Ireland Weft. Ocean 55 19 N. 
| Fairlight | Eu. {England Eng. Channel] 50 53 N. 
JC. Falcon Africa Barbar IMedit. Sea , 36 03 N 
I, WY 2 . £5105 8 
1. Falkland 4 1. A- Am. Patagonia Atl. Ocean 
Falmoutn Eu. {England Eng. Channel| co 8 N 
. oo Eu. [Turkey JArchipelago | 40 12 Ny 
C. Falſo 1 AfricajCafters Indian Ocean | 34 16 8. 
[C. Falſo JAfricaſ Zanguebar I Indian Ocean 2 32 
Falſterbom Eu. Sweden Baltic Sea 55 20 N 
I. Fana 4 Eus urkey Medit. Sea f 40 14 N. 
[R. Farate I Africa Egypt Red Sea N 21 40 N 
Faro Head IEu. ent 0ay; Weſt, Ocean} 58 40 N. 
| C. Farewell Asa IN. Zealand {Pacit, Ocean 40 35 S. 
C. Farewell Am. {Greenland Nortk Ocean] 59 37 N. 
C. Fartack AAfia Arabia I ladien Ocean] 15 41 N. 
I. Fehr | [Am. [Carolina I Atl. Ocean 34 04 N. 
I. Fernando Noronha am. {Braſil Atl. Ocean {| 3 56 8. 
I. Felicur, Lipari Illes Eu. Italy - | Medit. Sea ] 38 33 N. 
I. Fermina Eu. [Turkey {Archipelago ] 37 24 N 
| - | | 
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Names of Places. PTA Countries. | Coaſt, Latitude. Longitude. H. Water. 
n : 0 [ 't : | | © 68 ; by 8 
I. Fernandepo' Africa|Guines {Atl. Ocean 43 02 N. 31 
I. Ferro Africa Canaries - |Atl, Ocean 27 48 N.] 17 40 W. 
C. Finiſterre Eu. Spain Atl. Ocean 42 52 N. 9 12 W. 
I. Fironda Afia Corea Pacif. Ocean | 33 30 N.] 127 25 E. 
Fladftrand = Eu. Denmark - |Cattegat We - 27 N. 10 37 E. 
Flamborough Head Eu. England Germ. Ocean] 54 © N. | o 11 E. 4h. oom 
rene Eu. {italy Medit. Sea 43 46 N.] 11 7 E. 1 
I. Flores Eu. {Azores Atl, Ocean 39 34 N.] 30 55 W.] 
C. Florida Am. Florida G. Mexico | 25 50 N. 30 20 W. 7 30 
Fluſhing Eu. D. Neth. Germ. Ocean] 51 73 N.] 3 20 W. % 43 
1. Fl | Eu. D. Neth. Germ. Ocean] 53 16 N.] 5 35 E.| 7 30 
I Forbicher's Straits - Am. Greenland Atl, Ocean 62 Of N.] 47 18 W. e 
North Foreland Eu. England Germ. Ocean] 51 28 N. I 25 E. 9 45 
South Foreland * Eau. England Eng. Channel| 51 12 N.] 1 24 E. 9 45 
Foreland Fair Eu. [Ireland North Ocean 55 og N. 6 30 W.. 4; 
Foreland Fair Eu. Greenland | North Ocean | 79 18 N.“ 10 50 E. 
Foreland Merchants Am. Greenland North Ocean | 63 20 N.] 17 og W. 
I. Formentaria Eu. Spain IMedit. Sea | 38 33 N. 115 E. 
I. Formigas Eu. Azores Atl. Ocean 37 17 N.] 24 43 W. 
JC. Formoſa Africa Guinea _ |Eth. Sea 4 22 N. 5 43 E. 
R. Formaſa Africa Guinea Eth. Sea 6 10 4 4 49 E. 
= 7 N. point CERT : | 21 25 N.] 121 25 E. 
I.. Formoſa J f. point Aba [China Tndina gans 22 2 1 
I. ee e e 5 8 | 28 35 5 TM... o4 W.] 
Foulneſs Eu. England erm. Ocean] 52 57 N. o 88 E. 6 ac 
Foulſound ; Eu. Greenland Norch Ocean = - NI 132 = E. Go | 
Fowey a Eu. England Eng. Channel| 50 25 N. 4 30 W. 5 15 
II. France, P. Louis Africa Madagaſcar } Indian Ocean 20 10 S. r 
IC. St. Francis Am. Peru Pacif. Ocean o 30 N. | o 35 W. | 
T. St. Franciſco .  Africa[Zanguebar | Indian Ocean] 6 23 8.] 53 22 E.“ 
IR. St. Franciſco Am. |Brafil Atl. Ocean | 10 55 8] - 26 30 W. 
[C. Francois Am. Domingo | Atl. Ocean * 19 47 N. 72 15 W. 
Frederickftadt - Eu. Norway Sound 59 oo N. e 
[C. Frehel | Eu. [France _ [Eng. Channel] 48 41 N- 2 15 W. Fe 
| French Keys Am. [Bahama |} Atl, Ocean 21 30 N. 72 10 W. 
| Fretum Borough Eu, Ruſſia North Ocean] 70'00 N.] 61 20 E. 
C. Frio Am. Braſil At. Ocean 23 00 8 40 11W.| 
R. Fugor Africa Zanguebar | Indian Ocean] o 10 N.] 42 og E. 
I. Fuego 1 Africa De Verd Atl. Ocean | 14 55 N.] 24 28 W. 
| Furneaux Iſland - Alia Soc. Iſles Facif. Ocean | 17 11 $-| 143 07 W. 
B. Fuſhan Afia China | Pacif, Ocean | 23 OO N.] 112 35 E. 8 
Ih Fyal 308 PO - 80 Ocean | 38 32 N.] 28 36 W. 2 20 
I. Galla * 4 Am. | Terra Firma] Pacif, Ocean 2 40 N.] 79 35 W. 
R. Gallegaa Am. [Patagonia Atl. Ocean | 51 37 S.| 65 35 
I. Gallego / Am. Terra Firma] Pacif. Ocean | 1 40 N. 404 35 W. 
| Gallipoli Eu. Italy Medit. Sea | 40 19 N. 18 ob E. 
Galhpoly Eu. [Turkey Archipelago 40 36 N. $7.62 Ec]. i 
I. Gallita / - |Afﬀrica|Barbary _ |Medit. Sea 37 42 N. 9 03 
[C. de Galle Aſia I. Ceylon Indian Ocean] 6 03 N.] 80 27 E.“ 
1 Gallepago - Am. Peru Pacif. Ocean | } 2.99 f.] 39 oo W. 
[Gally Head Eu. Ireland {Weſt, Ocean | 52 40 N. 9 30 W. 
Galway Eu. Ireland Weſt. Ocean | 53 4% N.] 10 6: W. * 
KR. Gambia Africa Negroland Atl. Ocean | 13 od N. 14 58 W. 
. Gamo Aſta [India Indian Ocean 3 05. 8. 77 25 E. 
[Gangam * fAfia India B. Bengal 23 25 E. 
C. Garde fui Africa Anian {Indian Ocean | 11 48 N.] 50 25 E. 125 
BR. Garronne Eu. {France B. Biſcay 45 30 N. 1 o5W.| 4 oo 
{Gaſpey Bay Am. Acadia G. St. Lawr. | 48 48 N.] 64 36W.| x 30 
KC. de Gatt Eu. Spain Medit. Sea 36 32 N. 2 O5 W.. 
KC; Gear Africa|Barbary Atl. Ocean 30 35 N.] 10 or W. 
3 [Geneva Eu. [Savoy Poland - f 46 12 N. 6 5 E.“ 1 
| Genoa Eu. uy |Medit. Sea | 44 25 N. 8 41 E. | 
, C. St. George 
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1 . of Places. Cont. 
| — ä td 
| lo. St. George Am. 
E. Geor Wo Am. 
| 5 | 
| C. George [Africa 
B. St, George Am. 
| I, St. George Afia 
I. St. George Eu. 
St. George's Fort Aſia 
| Gibraltar, Eu. 
I Glibert's Iſland IAm. 
5 „point 
I. Gilolo Js. alt Aſia 
Glaſgow Ev ©: 
Glouceſter Iſles Afia 
Glouceſter Iſles | Aſia 
Gluckſtad Eu. 
Goa 5 Afia 
Goes 1 Eu. 
Golfe triſte Am. 
| Gombroon Aka 
I. Gomero Africa: 
IC. Gondewar Aſia 
C. Good Hope Africa 
I. Gorea | Africa 
I. Gorgona Eu. 
N. end 
I. ow S. end Eu. 
eas Wb | 
I. Goto {| Afia 
Gottenberg Eu. 
Gottingen Eu. 
| Gower's Iſle Aſia 
R. Grand Am. 
Granville Eu. 
C. De Grat Am. 
I. Gratioſa Africa 
I. Gratioſa Eu. 
C. Gratios a Dios Am. 
GSraveline Eu. 
Graveſend Eu. 
II. Grenada Am 
a Greenwich Eu. 
C. Gremia Eu. 
Gripſwald Eu. 
Grimefby * Eu. 
Groin, or 3 Corunna Eu. 
I. Groy Am. 
14 Guadaloupe Am. 
Guayaquil Am. 
III. Gurnſey Eu. 
Gulf Eu. 
Gurief Aſia 
4 1 
Hacluit's Headland Eu. 
Hague Xx Eu. 
I. Hai- . point | 
nam 58. W. 8 Aſia 
Halifax Am. 
I. Fall Am. 
Halli ford Eu. 
Hamburg Eu. 
Ie. Hang-lip Africa 
| Hare Iſle * ſim. 
Harlem N Eu. 
| Hartland Point | Eu. 
Hartlepool = 
1138 * 
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Countries, 


S. Georgia 


Natolia 
Azores 
India 


Spain 


Scotland 


Holſtein 
India 
D. Neth. 


Perſia 
Canaries 
India 
Caffres 
Negroland 
Italy 


| Sweden 


Corea 7 - 
Sweden 
Germany 


N. Britain 


Paraguay 
France 
Newfoundl. 
Canaries 
Azores 
New Spain 
France 
England 
Caribbee 
England 
Turkey 
Germany 


England 


Spain 
Newfoundl. 


Caribbee 


Peru 


England 


England 
Aſtracan 


Greenland. 
Holland 


[China 


Nova Scotia 


Greenland 
Iceland 
Germany 


Caffres 


Canada 
D. Neth. 
England 
ade 


— 


Society Ifles 
Society Iſſes 


Newfomndl. - 


KergulensL. 
Newfoundl, 


T. del Fuego 
Spice Iſlands 


Terra Firma 


q 
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Coaſt. Latitude. Longitude. 'H. Water. 
0 . | " | 
Atl. Ocean 48 28 N.] 57 43 W., | 
Atl. Ocean 64 17 8. 36 33 W. | | 
Indian Ocean 49 54 S.| 70 17 E. "A 
Atl, Ocean 48 19 N.] +57 30 W. 1 
Archipelago 33 47 N.] 25 07 E. | 
Atl. Ocean 38 39 N.] 28 OW. 
B. Bengal 13 05 N.] 80 34 E.| 
Medit. Sea 36 o5 N. 5 17 W.] oh oom. 
Pacif. Ocean | 55 13 8. 73 4 W.. | 
. © 2 30 N.] 128 oO E. | 
Indian Ocean N 1 30 S.| 129 25 E.( | 
R, Clyde 55 52 N. 4 10W.} | 
Pacif. Ocean | 19 11 S.] 140 4W. | 
Indian Ocean | 20 36 8.] 146 7 W. ; 
Elbe 53 48 N. 9 31 E. | 
Malabar 15 31 N 73 50 E. | 
Germ, Ocean] 51 39 N 4 O5 E | 
Carrib. Sea 10 20 N. 67 40 W | 
Perfian Gulf | 27 40 N „ 
Atl. Ocean 28 06 N, 17 03 W, 1 
IB. Bengal 16 55 N.] 82 55 E. 
Indian Ocean 34 29 8. 18 28 E. 3 oo | 
Ati. Ocean f 14 40 N 17 20W. RE, 
Medit. Sea 43 21 N. 9 11 E. N | 
48 05 53 00 N 20 15 E. | 
Baltic Sea 1 5 58 N.] 19 37 E ——4 
| 105740 Nj 19 50 E | 
|] Pacif, Ocean | 34 25 N 125 50 E l 
Sound 57 42 N.] 11 44 E. | 
Inland | | $1 32 N 9 58 E | 
Pacif. Ocean | #7 56 S.] 158 56 E 
Atl. Ocean 31 58 8. 50 35 W. 5 
Eng. Channel| 48 50 N.] 1 32 W 7 oo | 
Atl. Ocean 51 36 N. 55 33 W 
Atl. Ocean 29 15 N 13 07 W, 
Atl. Ocean 39 02 N 27 53W. 
Caribbean Sea 14 48 N.] 82 15 W. | 
Eng. Channel| 50 59 N.] 2 13 E. CO 
R. Thames 51 35 N. o 20 E. 1 30 
Atl. Ocean 11 52 N.|- 61 39 W 
R. Thames | 51 29 N. oo; E 
-| Archipelago 40 33 N 26 20 E 
Baltic Sea 54 04 N. 13-43 E. 
| Germ. Ocean] 53 30 N. o 56 E | 
B. Biſcay | 43 28 N 9 20W.| 3 oo | 
Atl. Ocean 50 56 N.] 55 35 W | 
Atl. Ocean 16 Oo N.] 61 55 W | 
Pacif. Ocean 2 10 8. 81 og W gp i - 
Eng. Channel] 49 30 N 2 47 W. 1 30 | 
St. Geo, Cha. 50 06 N.] 6 coW. | 
| Caſpian Sea 47 7 NI 52 02 E. 1 
North Ocean 79 55 N. 12 00 E | 
Ger, Ocean | 52 4 N 4 22 E. | 
1 19 45 N.] 110 13 E. | 
„ % Os 118 — N.] 108 4 E. 8 
Weſtern Oc. | 44 46 N.] 63 20 W. 7 30 
Atl. Ocean 63 56 N.] 44 26 W. 3 
North Ocean | 64 30 N.] 27 5 W. 44 
R. Elbe 53 34N| 9 55 E. 6 oo | 
Indian Ocean | 34 16 18 49 E. | 
R. St. Lawr. | 48 oo. N.] 63 26 W. 3 30 
Germ. Ocean | 52 24 N 4 10 E. 9g oo 
Briſtol Chan. | 51 06 N 4 35W. 
Germ, Ocean] 54 40 N o 56 W. 3 oe | 
. 1 | wg | 2 1 3 | 
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Names of Places. 
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: Harwich, 


C. Harteras 


' Hattings 


$i Havannah 
: Havre de Grace 


| Hawke's Bay 


F Se. 
Helie's Sound 


Helena 


Is. Heligh's Land 


C. Henlopen 
Henly Houſe 
IC. Henrietta M 
Ie. Henry 

a Hernoſand 


Hervey's Iſle. 
11. Heſſelöe | 


I. Heys 


High Mount 
=p ronkay. 


S. "Louth ; 


aria . 


I, 


= Ci St. Nicholas % 
— Po. Grave 
4 St. Domingo 


Holme Point 


y Cape 
65 Head 
[C. Honduras 


B. Hondy, I. Cuba | 


Honfleur 
Hood's Iſle 
Hoogſtraeten 


Hope Iſle 


C. Horn 
Hornſound 
Hout Bay 
Howe's Iſle 


UC. How % 


| Huahine | 
Hunaſton Light 


KR. Hughly 
Hull 


R. Humber, Ent. 


|| 


| 


| 


| Hydrabad — 
I. Hyneago 


| 45 


— 


| C. JaFanapatan 


1. Jago 
Jakutioi 


Eaſt End 
James Town 
R. Janeiro 


Japan Iſles 


S en eos 8 
| = Port Royal 
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ry . &4 + 22 
Cont. | Countries. Coaſt. | Latitude. | Longitude, Wed 
. | 8 „ 2 
Eu. England [Germ. Ocean] 52 11 N.“ 1 18 E. Th. 15m. 
Am. [Carolina Atl. Ocean 35 24 N.] 76 20 W. | 
Eu. England B. Channel 50 52 N. o 46 E. 

[Am. I. Cuba |} Atl. Ocean 23 12 N.] 82 13W.| | 

Eu. France Eng. Channel] 49 30 N-] 11 E. 9 oo 
Aſia. N. Zealand | Pacif. Ocean -} 39 30 8. 177 6 E 
Africa Caffres Atl. Ocean } 15 55 8. 5 44 4“ 

Eu. Greenland North Ocean | 79 15 N.] 12 50 E. 
Eu, Norway North Ocean | 65 15 N. 9 30 E. 
Am. Maryland -|Atl. Ocean 38 48 N.] 75 08 W.. 
Am. New Wales [Inland 51 14 N. 84 41 W 5 5 
Am. New Wales | Hudſon's Bay] 55 10 N.] 84 oO W. 12 oo 
Am. Virginia Atl. Ocean 7 oo N. 76 23 W. [11 15 
Eu. Sweden G. Bothnia r © <- 
Afia, Soc. Ifles |Pacif. Ocean | 19 17 8. 1 58 43 W. | 
Eu. Denmark |Cattegat 56 12 N.] 11 48 E. 
Eu. France B. Biicay 6 24 N. 2 14 W. 
Eu. Greenland North Ocean 3 23 N. 26 40 E. 
Aſia N. Hebrides | Pacif. Ocean |. 17 25 S-} 168 38 E. 
; ; OY 18 17 N.] 74 24 W. 
„ GI Ry =,» NE 1. f 
[Am. PrP Atl, Ocean, 19 50 N.] 73 18W.}. 
| We . 1." 1888s NT ---73. 42W. 
HR 18 25 N 69 30 W. ; 
8 | | - 19 05 N.] 68 30 W. 
Aſia China Vellow Sea 33 35 NL 118 55 Ef 

Am. Bahama Atl. Ocean } 21 41 N.] 73 25 W 

Eu. France B. Channel 49 45 N 1 51 W. 

4 25 30 1 111 10 = 

1 | | 1 | 141 31 E. 

Aſia Indian Ocean 43 3; 8.1 * 3 E. 

27 10 54 153 39 E. 

Eu. [England Germ. Ocean| 53 ON. o 36 K 
Aſia Siberia North Ocean 72 32 N.] 179 45 E 4 

Eu. Wales JIriſh Sea | 53 23 N. 4 40 W. 1. 30 
Am. New Spain Caribbean Sea] 16 18 N.] 35 23 W. . 
Am. Antilles Atl. Ocean 22 54 N.] 82 40 W. 

Eu. France R. Seine 49 24 N. o 20 E. O. 

Aſia |Marqueſas |Pacif, Ocean 9 26 S.| 138 47 W. 
Eu. Netherlands Inland 5125 N. 4 52 E. 
Eu. Grcenland Noth Ocean | 76 22 J.] 23 40 E.. 
Am, T. del Fuegoſ Pacif. Ocean | 55 59 S.] 67 21 W. 
Fu, |Greenland | North Ocean | 76 41 N.] 13 36 E. 
Africa Caffres Indian Ocean | 34 03 N.] 18 24 E. 
Aſia Society's If. | Pacif. Ocean 16 46 8. 154 2 W. 
Afia N. Holland |Pacif. Ocean | 37 24 S.] 150 co E.. 
Aſia Society Iſles |[Pacif. Ocean | 16 44 S. 151 1W. 

Eu, England Germ. Ocean] 52 59 N.] o 33 E. 

Aſia India B. Bengal 21 45 N.] 89 15 E. 
Eu. England IR. Humber 53 50 N.] o 28 W. 6 oo 
Eu, England Germ. Ocean 53 55 N.] 0 24 E. 5 13 
Aſia India Inland 17 1 N. 78 56 E. 

Am. Bahama Atl. Ocean 21 27 N. 73 29 W. 
Afia |Tapan || Pacif. Ocean | 36 Oo N.] 139 40 — 
Afia I. Ceylon Indian Ocean 9 47 N.] 80 55 E 
Africa C. Verd Atl. Ocean | 15 07 23 30 W. 
Afia Siberia Pacif, Ocean | 62 2 N.| 129 48 E. 
| 18 45 N.] 78 oo W. 
Am. Weſt Indies | Atl, Ocean | 18 oo N. 76 40 W.. 
| )»... .. &08 Weil.” 
Am. Virginia IB. Cheſapeak 37 30 N. 76 oo W. 
Am. Brafil IAtl. Ocean 22 54 843 10 W. 
FI 540 40 Nj 141 25 E. 
Aſia | Pacls, Ocean 31 45 N. 126 18 E. : 
1 ; 
Jally 
3 7 w * Nt 
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| Names of Places. | Cont. 
| | ny Eu. 
| | Java Head Aſia 
Ice Cove Am. 
oa Point Ea. 
Ice Sound Eu, 
' ice Caps Am. 
I. Jerſey Eu. 
Jeruſalem Aſia 
I. Hay, S. pt. Eu. 
IR. Indus Aſia 
Ingolſtadt Eu. 
{| Inverneſs* Eu. 
| I. Joanna [Africa 
| uddah - Aſia 
[L. St. John Am. 
ö . St. John [Africa 
[St. John's Am. 
St. Johns IAm. 
| AM; 
1. St. John N. bot. Am. 
| I. St. John de Nova [Africa 
St. John de Luz Eu. 
Cape Jones am. 
| Joppa Aſia 
Jones Sound Am. 
St. Joſegh Am. 
\ Ipſwich Eu. 
Irraname {Afia 
| Iſlamabad Aſia 
q Iſmail Eu. 
Iſpahan [Aſia 
c. St. Juan Am. 
. | I, Juan Fernandez Am. 
| Judda - JAſfia, 
port. St. Julian [Am. 
I, Lvica Eu, 
Kammer Eu. 
| Kambaya Aſia 
| Lower |, 
. Upper 4 
I. Karaghinſkoy Afia 
I. St. Katharine's Am. 
| Kaye's Iſland Am. 
Keco Aſia 
Kegor Eu. 
| R. Kennebeck Am. 
Kentiſh Knock, a Eu 
ſand : 
J. St. Kilda Eu. 
I, Kilduin Eu. 
Kinſale Eu. 
Klip Eu. 
Kola Eu. 
. Kol Eu. 
Port Komol [Africa 
Komero Iſles Africa 
Korſor Light Eu. 
R. Kowimia tAfia 
| Kullen = TY Eu. 
| 
| legere or "tals 5 Aſia 


Countries. Coaſt. Latitude. 
| 3 | 
Moldavia Inland 47 9 N. 
| Java {Indian Ocean 6 49 8. 
[N. Min | Hudſ Straits 62 20 N. 
Nova Zem. North Ocean | 77 40 N. 
Greenland North Ocean | 78 13 N. 
— | North Ocean | 70 29 N. 
England Eng. Channel, 49 07 N. 
| Paleſtine Inland 31 55 N. 
Scotland Weſt Ocean 55 39 N. 
India Indian Ocean | 25 50 N. 
Germany Danube 48 46 N. 
Scotland Germ. Ocean] 57 33 N. 
Zanguebar Indian Ocean 12 05 S. 
Arabia Red Sca 22 00 N. 
Newfoundl. | Atl. Ocean | 50 08 N. 
Maiumbo Eth. Ocean 1 17 N 
Newfoundl. | Atl. Ocean | 47 34 N. 
Antigua Atlantic 174 * 
Bay St. Lau-] 46 30 N. 
Canada | Bs 47 C N. 
Madagaſcar Indian Ocean 17 o S. 
France 8. Biſcay 43 10 N. 
New Britain | Hudſon's Bay] 58 50 N. 
Syria Levant 32 45 N 
Greenland | Baffin's Bay 71 07 N. 
California  {\Pacif. Ocean 23 4 8. 
England Germ. Ocean] 52 14 N. 
N. Hebrides | Pacif, Ocean 19 31 8. 
Chittigong B. 8, Bengal - 22 20 N, 
Turkey : 1 4521 N. 
Perſia R, enn 32 25 N. 
Statenland | Atl. Ocean 54 47 8. 
Chili Pacif. Ocean 33 45 8. 
Arabia Red Sea 21 29 N. 
Patagonia IS. Atl, Ocean] 49 10 8. 
Spain { Medit, Sea 33 54 N 
Sweden Baltic Sea 56 40 N 
India Indian Ocean 1 36 = 
3 i ; 56 11 N. 
Siberia Pacif. at A | 3 54 48 N. 
Siberia Pacif. Ocean | 58 oo N. 
Braſil Atl. Ocean 27 35 8. 
— Pacif. Ocean 59 52 N. 
Tonquin Indian Ocean| 21 55 N. 
Muſcovy North Ocean | 70 18 N. 
N. England | Atl, Ocean 44 oo N. 
England Germ. Ocean] 51 42 N 
Scotland Weſt. Ocean 57 44 N. 
Lapland North Ocean] 69 30 N 
Ireland Atl. Ocean 51 41 N. 
Ukraine Neiper 50 30 N. 
Greenland North Ocean | 80 20 N. 
Lapiand North Ocean] 68 53 N. 
Sweden Sound 56 50 N. 
Abyſſinia Red Sea 22 30 N. 
Zanguebar Indian Oc: a+ | 
| 8 ndlan Ocean Co 10. S. 
Denmark G. Belt 55 20 N. 
Siberia North Ocean 70 40 N 
Sweden Cattegat 56 18 N. 
— Pc, Ocean bow as tg 
i ES | 13 15 N. 


H. Water. g 


Iich. oom. 


11 
| | 
4 45 | 


© O09 
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r N — — ht he per = 
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Ladrene 


| Names of Places. 


| 


— 


Ladrone (Grand) 
Laguna 
{Lancaſter 
I. Lancerota 
Land's End 

Land ſcroon 

Langeneſs 

II. Lambay 

I. Lampadoſa 
B. St. Lazarus 
C. Ledo 
Leeds 

Leith 


— 


Leipfic 

I. Lemnos 

C. Lengua 

Leoſtoff 

Lepanto 

Leper's Ile -» 

I. Leſow - 

[Liverpool 

I. Lewes, N. point 

[Leyden 

[Liampo, or Ningpo 

Lima 

[Lime 

[Limerick 

I. Limoſa 

I. Lipari 

I. Liqueo 

Liſpon 

| Liſbon Rock 

[C. Liſburne 

"©; 1. Liſſa 
Lizard 
ges 8. W. end 
Loffout { N. E. end 
| R. Lone, Ent, N 
London 
New London > 
Londonderry 


MF” 


— 


Long Ifle 

I. Longo 
Longſand Head 
Lookout Point 

[C. Lopas 

[C. Lorenz a 

B. St. Louis 

| P. Louis 

P. Louis 

{Louiſburg 

Lubec Eh 

IC. St. Luar 
R. Lucia 

| I. St. Lucia 

I. St. Lucia 


| — N. E. point 
1 8 C. Bajador 
5 ö 8 Manilla , 
& | = | S. W. point 
i 1 pe 1 E. point p 
[Lunden 


2 


Leghorn * 


* 


Cont. 


— — — 


Countries. 
Aſia China | 
Africa|Canaries 
Africa [Caffraria 
Eu. England 
Africa Canaries 
Eu. England 
Eu. {Sweden 
Eu. Nova Zem. 
Eu. Ireland 
Africa Tunis 
Am. Patagonia 
Africa Angola 
Eu. [England 
Eu. Scotland 
Eu. [Italy 
Eu. Saxony 
Aſia Natolia 
Eu. Turkey 
Eu. England 
Tu. Turkey 
Aſia N. Hebrides 
Eu. Denmark 
Eu. England 
Tu, Scotland 
Eu. Holland 
Aſia China 
Am. Peru | 
Eu. {England 
Eu. Ireland 
Ev. |lraly. - 
Aſia Japan 
Eu. Portugal 
Eu. Portugal 
Aſia N. Hebrides 
Eu. Dalmatia 
Eu. England 
Eu. Norway 
Eu. France 
Eu. England 
[Am. N. England 
Eu. Ireland 
Am. N. England 
Eu, {Dalmatia 
fu. © [England 
Eu. [Greenland 
Africa Loango 
Am. Peru 
Am. |Louifiana 
Am. Hiſpaniola 
_ ]JAfrica Mauritius 
Am. [C. Breton 
Eu. Germany 
Am. Calefornia 
Africa Caffres 
Africa C. de Verd 
Am. Caribbee ; 
| * 4 . 
Aſia Phil. Iſles | 
„ pA 
Eu. Sweden 


2 


- GEOGRAPHY. 


— —_—_ — — * — — 


Atlantic 
Indian Ocean 
St. Geo. Ch. 
Atl. Ocean 
St. Geo. Ch. 
Sound 
North Ocean 
Iriſh Sea 
Medit. Sea 


Pacif. Ocean 


Atl. Ocean 
Aire 


[Germ. Ocean 


Medit. Sea 
Inland 
Archipelago 


_ IMedit. Sea 


Germ. Ocean 
Medit. Sea 
Pacif. Ocean 


{Sound 


Iriſh Sea 


| Weſt. Ocean 


Pacif. Ocean 
Pacif. Ocean 


Eng. Channel| 


R. Shannon 
Medit. Sea 
Medit Sea 
Pacif. Ocean 
R. Tagus 
Weſt. Ocean 
Pacif. Ocean 
Adriatic Sea 
Eng. Cbannel 
North Ocean 
B. Biſcay 


R. Thames 
Weſt. Ocean 


_ | Weſt. Ocean 


Welt. Ocean 


Germ. Ocean 
North Ocean 
Atl. Ocean 
Pacif, Ocean 
G. Mexico 


IAtl. Ocean 
Indian Ocean 


B. St. Law. 
altic Sea 
Pacif. Ocean 
Indian Ocean 
Atl. Ocean 
Atl. Ocean 


Pacif, Ocean 


* 


ee .. 


Chineſe Sea 1 


Ardriat, Sea 


Fg 


— . — — — — 


Baltic ses: 


. 7 — 


* 


Latitude. Longitude. 
0 , 1 E 
as 2 Ni] 114 2 E. 
28 29 N. 18 13 W. 
34 50 8. 20 06 F. 
54 42 N.. 4 36 W. 
29 10 N.] 13 20 W. 
50 06 N. 5 50 W. 
55 52 N. 12 55 ; 
74 40 N. 53 36 E. 

3 24 N 9.30 W. 
3 32 N. 12 45 E. 

48 42 5 73 35 W. 
9 2 8. 12 55 E. 
53 4 N.] 1 33 N. 
35 58 N 2 59 W. 

43 33 N. 10 25 E. 

81 19 N.] 12 25 E. 
40 O2 N. 25 36 E 
40 44 N.] 19 36 E 
52 38 N. 1 54 E. 
38 20 N 22 03 E. 
15 23 8. 167 57 E. 
57 05 11 06 E. 
53 22 N e 
58 35 37 W. 
52 10 Ne 4 33 E. 
29 58 N.] 120 23 F. 
12 01 8. 76 44 W. 
2 
52 22 10 oo W. 
36 08 N 13 01 E. 
33 35 N. 15 31. F. 
28 00 N.] 127 30 E. 
38 4 N. 9 4 W. 
38 42 25 

8 15 41 . 166 57 W. 
42 56 18 32 E 
49 57 No 5 10 W 
68 15 10 20 E 

165 oo N.] 12 oo E 

47 07 N.] 42 og W. 

1 31 N. O OO © 
4 50 W 72 4 w. 
55 O N. 7 31 W. 
41 o N. 1 Fa. SHO 
; | 74 20 W. 
43 45 N.] 17 58 E. 
51 47 N. 1 41 E 
76 40 N.] 16 25 E 
1 2 1 8 2 
28 50 N.] 97 8 W. 
18 19 N.] 73 11 W. 

20 10 8. 57 33 E. 
45 54 N. 59 5 W 
23 15 N.] 109 40 W 
27 52 8] 33 28 E 

16 43 N.] 24 33 W. 
13 25 N.] 60 46 W 

19 25 N.] 121 45 E. 

18 50 N.] 120 25 E. 
14 36 N.] 120 58 E. 
13 30 N.] 119 35 E. 
14 oo N. 124 oo E. 


— U ——— ſ— — — —ẽ— 
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H, Water. 
1 l 
7h. 30m, 
8 75 
4 30 
9 45 
11 1 5 
6 30 
RAR 
9 Is 
I | 30 
3 oo 
3 00 
1 30 
3 00 
10 30 
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Names of | Places. 


GEOGRAPHY. 


—— 


I. Lundy 
Lupis's Head 
Luxemburg 


Lynn 


| . Mabo * 


Macao, or Makau 


Macaſſar 
[ Go Machian 
g. St. Mary 
B. St. Auguſtine 
165 de Gada 
C. St. Andrew 
C. St. Sebaſtian 
C. de Ambre 
B. d'Antongil 
Antavare 185 
Po. Dauphin 
Lf 1. Ma- 
deira 
| Madraſs 
| Madrid | | 
P. Madre de Dios 
| Madura 
R. Maes, Mouth 
[Str. Le Maire 
| Magadoxa 
| 1, Magdalena 
| Itr. Ma- E. ent. 
gellan W. ent. 
Magiſiland 
I. Maguana 
P. Mahon, Iſle 
Minorca 
Majorca, Iſle weak | 
jorca | 
C. Mala 


'E Madagaſcar | : 


Funchal 
W. end 


Malacca 


Malaga 3 
Iſles Mal- N. end 
dive 8. end 
Maleſtroom Whirl- 
pool : 


I. Malique 


= 
3 q , . : 
4 « 
; 
o 
$ 
. * 
* 5 - 
© 
* 
= 
—— — Cee — — ——— — — — — — 
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St. Maloes 

I. Malta | 
1. Man, W. ad. 2 
Mangalore 
Manilla 


I. Manſia 

I. Mardou 

I. Margarita 
R. Marag ion 
Margate 

C. St. Maria | 
C. St. Maria, or Lucia 
Marian Tp lim. | 


* 


Ladrone 

Ifles S. lim. 
I. St. Maries 

St. Maries 

I. Marigallante 

I. Maritimo, Sicily | 


| 


1. Mansfield, N, pt. ; 


| 


. 


* If, | 


— 


1 


— 
— — — 


Wo 


— 


0 Longitude. bs 


Cn — 
| Cont.| Countries. | Coaſt. Latitude, 
rey 5 
Eu. [England St. Geo. Ch. | 51 20 N. 

Eu, Ireland Weſt. Ocean} 52 24 N. 

Eu. Netherlands - 1 49 37 N 

Eu. {England Germ. Ocean 52 46 N 
Aſia New Guinea|Pacif. Ocean | © 40 8. 
Afia [China Pacif. Ocean] 22 12 N. 
Aſia I. Celebes Pacif. Ocean 5 09 8. 
Eu. Spain B. Biſcay 43 44 N. 
| * 25 24 8 
J 23 35 8. 
| 19 36 8. 
| 5 53 | 15 46 8 
Africa. Indian Ocean] 12 30 8 
b 2875 0 12 15 8 
| 16 00 8. 
! 20 53 8. 
| | I. 24 48 8. 
| Africa Canaries Atl. Ocean | 5 1 5 | 
Aſia [India Indian Ocean| 13 5 N. 
Eu. Spain R. Manzana | 4o 25 N. 
| Afia |Marqueſas |Pacif, Ocean 9 55 S.| 
Aſia [India Indian Ocean} 9 54 N. 
Eu. D. Neth. Germ. Ocean 52 06 N. 
Am. Patagonia [Atl. Ocean 54 51 8. 
Africa. Zanguebar Indian Ocean] 2 53 N. 
Afia Marqueſas Pacif. Ocean | 10 25 8. 
A p +» Atl. Ocean | 52 30 8. 
n. Fatagonia pacif. Ocean 52 55 8. 
Aſia India Malabar Coa. 12 10 N. 
Am. Bahama I. Atl. Ocean 22 36 N. 
Eu. . [Spain {Medit. Sea 39 51 N.“ 
Eu. Spain {Medit. Sea 39 35 N. 
Eu. Turkey Archipelago 37 20 N. 
Aſia India Str. Malacca | 2 12 N. 
Eu. Spain Medit. Sea 36 43 N. 
Afia India Indian Ocean Fete 
| 228 77 o 20 8. 
Eu. Norway Weſt Ocean 63 o8 N. 
Afia _ |Maldive I. Indian Ocean 745N 
Eu. [France Eng. Channel] 48 39 N 

Eu. Iltaly Medit. Sea 35 54 N. 
Eu. England Iriſh Sea 53 45 N. 
Afia India Indian Ocean] 13 oz N. 
Afia I. Luconia -|Pacif. Ocean 14 36 N. 
Am. New Britain |Hudſon's Bay 62 32 N. 
Africa. Zanguebar Indian Ocean| 8 36 8. 

Eu. Norway Sound 58 14 N. 
Am, [Terra Firma Atl. Ocean 11 15 N. 
Am. |Brafil Atl. Ocean 1 48 S. 
Eu. England Eng. Channel| 51 29 N 
Eu. [Portugal Atl. Ocean 36 45 N. 
Eu. Italy Medit, Sea | 40 04 N. 

| 21 oo N. 
Aſia Pacif. Ocean | 
| | | 13 15 N, 
Eu. [Azores Atl, Ocean | 37 oo N.] 
Eu. II. Scilly Eng. Channel] 49 57 N. 
Am. [Weſt Indies Atl. Ocean 16 oo N. 
Eu. [India Medit. Sea f 38 04 N. 
Afia | Pacif. Ocean | 9 56 N. 
| | 


142 


25 
6 


12 


139 oo W. 


04 W. 
15 W. 
17 E. 


30 E. 


55 E. 
oo W. 


38 W. 2 
61 10 W. 


33 E. 


-112 


07 


11 


15 


E 
, i 
. ® 2 3 2 » - 
ee ee ee eee ee ee ee ee ee ee — Cp — a 
y , q ' ST a 8 "7 4 
a . p . 1 
. 
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Names of Places. Cont: Countries. Coaft. 'S 
ih — — — — nr — 
| . Martelo | Eu. Turkey Medit. Sea 
USt. Martha Am. Terra Firma] Atl. Ocean 
. St. Martin [Am. Weſt Indies |Atl. Ocean 
[C. St. Martin Africa |Caffres Atl, Ocean 
[e. St. Martin Eu. Spain | Medit. Sea 
[ pan ph WY Am. Weſt Indies Atl. Ocean 
Marſeilles Eu. France Medit. Sea 
C. St. Mary I Am. Newfoundl. | Atl. Ocean 
F 3. St. Marx [Am. |Brafil + Atl. Ocean 
C. St. Mary Aſia Natolia Archipelago 
C. St. Mary IEu. Spain N. Atl. Ocean 
KC. Virgin Mary Am. Patagonia _ |S. Atl. Ocean 
EMaſafuzro IAm. Chili []Pacif. Ocean 
. Maſcarenhas Africa TZangaebar Indian Ocean 
H. Maſcarin Am. Peru Pacif. Ocean 
Maſcat  Afia | Arabia Indian Ocean 
| IiMaſkelyne's Iſſes {| Afia N. Hebrides | Pacif. Ocean 
| Maſterland I Eu. Sweden Sound 
FMaſulipatam 4 Afia India B. Bengal 
EC. Matapan Eu. Turkey Archipelago | 
I. Matbare IAſia Japan Pacif. Ocean 
It. St. Matthew's Africa Guinea Eth. Ocean 
| | t. Matthew's Lights Eu. France B. Biſcay | 
I. Mauritius Africa Madagaſcar Indian Ocean | 
| Maurua = [As Society Ifles |Pacif, Ocean 
1. May Africa C. Verd _ | Atl. Ocean 
| C. May Am. |Penfilvania | Atl. Ocean 
. Mayette | Africa | Madagaſcar Indian Ocean 
[- Fa "5 Mayne Eu. Greenland North Ocean 
Mecca | Afia Arabia Red Sea 
Mechlin Eu. Netherlands 
Medina 2 Aſia | Arabia Red Sea 
IL Melade - Eu. Dalmatia Adriat. Sea 
| Melinde . Africa Zanguebar Indian Ocean 
I. Melo Eu. Turkey Archipelago 
Memel Eu. Courland {Baltic Sea 
Memiſſan Eu. France B. Biſcay 
1 . Menado Aſia I. Celebes |Pacif. Ocean 
C. Mendozin . Am. | California ' Pacif, Ocean 
e Bay Aſia N. Zealand pacif. Ocean 
i * | Aſia Siam B. Bengal 
1 . e Am. Bahama Atl. Ocean 
ö | Meſſina Eu. l. Sicily |Medit..Sea |} 
e. Meſurato Africa Tripoli Medit. Sea 
Frm C. Sigre | | | . 
| 1 * Metylene | Aſia Natolia Archipelago 
. „ Jo. Oliviea ; 1 
t. Meun Eu. Denmark Baltic Sea 
Mexico Am. Mexico Inland | 
Miatea Aſia Society Iſles [Pacif. Ocean | 
I. St. Michael Eu. Azores Atl, Ocean 
| Middleburgh Eu. D. Neth, Germ. Ocean 
— 5 | Afia |Bviendly If.-[Pacif. Ocean 
Milan Eu, italy * Medit. Sea 
Milford Eu. | Wales St. Geo. Ch. 
Milo, I. Milo Aſia [Turkey Archipelago 
Mill Iſies Am. North Main] Hudſon's Bay 
[ N. point ; 
8 8. E. pt. * St. | 7 "IE, g 
3 Auguſtine Aſia Spice Iflands}Pacif, Ocean 
IS. W. pt. Cal-| | a 
2 dera 
boy 8. point 
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Latitude. Longitude.” 
0 2 „ | 
38 0 N.] 26 oo E. 
11 26 N.] 74 oO W. 
18 06 N. 53 ob W. 
32 08 S. 18 58 E. 
38 44 N. o 25 E. 
14 36 N 61 04 W. 
43 18 N. 5 27 E. 
46 52 N. 54 01 W, 
34 52 S.] $52 55 W. 

37 46 N.] 27 21 E. 

36 46 N. 7 40 
52 23 8. 68 10 W. 
33 45 S. 80 34 W. 
20 52 8. FE 35 E. 

1 20 8. 88 50 W. 

23 10 N 57 40 E. 
16 32 S.} 167 59 E. 
57 58 N.] 12 o0 E. 
16 28 N.] 81 40 E. 
36 25 N. 22 40 E. 
26 30 N. 137 oo E. | 
8:23: S+»j. : 6 tx W.f[ 
48 20 * 4 42 W. 
20 10 8. 7 > 3 & 
16 26 8. 8 33 W. 
15 10 N.] 23 OO W. 
39 15 N. 74 43 W. 
12 53 8 46 10 E. 
71 10 N. 9 44 W. 
21 40 N 41 oo E. 
51 3 N. - 4 34 K. 
+ 58 N. 3G 53 E. 
42 40 N. 19 34 E. 

3 97 S. 39 40 E. 
36 41 N.] 25 og E. 

3s 48 N.] 22 23 E. 
44 20 N. 1 23 W. 

" 36 N.] 122 25 E. 
41 20 N.] 130 15 W. 
36 50 S. 175 12 E. 
12 9 NJ 38 25 E. 
21 58 N.] 74 13 W. 
38 21 N. 16 21 E. 
32 18 N 156 36 E. 
39 21 N.] 26 08 E. 
39 11 N.] 26 47 E. 
39 00 N 26 50 E. 
55 00 N 13 15 E 
19 54 N 100 o W. 
17 52 8. 148 O1 W. 
37 47 N.] 25 37 W. 
51 37 N. 3 58 E. 
ien $1. 174 e. 
45 28 N. 9 15 E. 
51 45 N. 5 15 W. 
36 41 N.] 25 og E. 
64 36 N 80 30 W.. 

9 40 N.] 124 25 E.“ 
6 40 N.] 126 25 E. 

7 oo N.] 121 25 E. 

3 50 N.] 124 43 E. 
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Names of Places. | Cont. | Countries. | 
I. Mindora _ JAfﬀa Philip. Iſles 
I. Mi- 7 N. W. pt. G 
norea 5 8. E. pt. 9 7 _ f 
| G. Miquelon Am. |Newfoundl. 
L. Miquelon Am. Newfoundl. 
I. Miſco Am. Nova Scotia 
[C. Miſerata Africa Guinea 
| R. Miſſiſſippi, mouth Am. [Louiſiana 
Mizen Head Eu. Ireland 
Mocha [Aſia Arabia 
Modena Eu. Italy 
Modon Eu. {Turkey 
I. Mohilla Africa Zanguebar 
Þ1. Montſerat [Am. [Weſt Indies 
Montagu Iſle Afia N. Hebrides 
Montreal Am. Canada 
I. Monte Chrito Eu, Italy 
C. Monte Sano Eu. [Turkey 
Monument IAſia IN. Hebrides 
Mooſe Fort lam. New Wales 
I. Morgo 1 Aa *]Natolia 
Morlaix Eu. France 
| Mort Point Eu, {Evgland 
| Moſambique Africa Zanguebar 
| Maſcow _ Eur [Kuſſia 
Moſkettos Bank Am. Mexico 
Moſchetto Cove Am. Greenland 
C. Mount Africa Guinea 
Mount's Bay Eu. England 
Mouſe River Am. New Wales 
| C. Muſaldon {Aſia Arabia 
| N, . 
C. Nabo Aſia has 
Nagpour - Aſia erar | 
Namur Eu. Netherlands 
Nancovery Harbour Aſia |Nicobar 1. 
|Nangaſaki Afia Japan 
Nankin Afia [China 
Nantes Eu. France 
I! Nantucket Iſle Am, New Eng. 
Naples Eu, Italy 
Narbonne Eu, France 
Narſinga Afia India 
Narva Eu. |Livonia 
Naſſau Aſia Sumatra 
C. Naſſau Am. 
Naſſau Str. Eu. Ruſſia 
B. Natal {Africa Caffres 
I. Navaſſa Am. IW. Indies 
I. Naxos Eu. [Turkey 
Naze Eu. Norway 
Needles IkEu. England 
Negapatam  * [Aſia India 
C. Negrailles Aſia Pegu ; 
C. Negro Africa |Caffres 
C. Negro Africa Py 
Negropont Eu. "urkey 
Port Nelſon Am. [New Wales 
| Port Nelſon's Shoals Am. [New Wales 
| 1. Nevis IAm. [Caribbeelfles 
| Newcaſtle Eu. England 
| R. Nicaragua Am. New Spain 
| Nice Eu. Italy 
I. Nicobar Aſia Siam 
1. St. Nicholas Africa. Verd J. 


—— D—gAy¹— — —ä — 


— — 


8 
. 
dd 


— — — 


| Coaſt, . 


Pacif. Ocean 
Mediterran. 


Atl. Ocean 
Atl. Ocean 


, G. 8 . Lawr, 


Atl. Ocean 
G. Mexico 


| Atl. Ocean 


Red Sea 

| Inland | 
Medit. Sea 
Indian Ocean 
Atl. Ocean 
Pacif. Ocean 
R. St. Lawr. 
Medit. Sea 


| Archipelago 
| Pacif, Ocean | 
Hudſon's Bay 


Archipelago 
Eng. Channel 


Indian Ocean 
R. Moſcow 
Atl. Ocean 
North Ocean 
Atl. Ocean 
Eng. Channel 
Hudſon's Bay 
Perfian Gulf 


Pacif, Ocean 


— — — 


B. Bengal 


| Pacif, Ocean 
B. Biſcay 
Weſt Ocean 
Medit. Sea 
| Medit. Sea 
B. Bengal 

G. Finland 
Indian Ocean 


Terra Firma| Ati, Ocean | 
North Ocean 


Indian Ocean 
Carib. Sea 
Archipelago 
Weſt, Ocean 
Eng. Channel 
B. Bengal 

B. Bengal 
Atl. Ocean 

| Medit. Sea 
Archipelago 
Hudſon's Bay 


Atl. Ocean 
Germ. Ocean 
Atl. Ocean 
Medit Sea 
B. Bengal 
Atl, Ocean 


| 


[St. Geo. Ch. 


Pacif. Ocean | 


Hudſon's Bay |. 


Latitude, 


1— 


83 28 

13 00 N. 
12 58 N. 
240 24 N. 
46 50 N. 
48 04 N. 
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HOT | | h 5 
Names of Places. Tease Countries. | Coaſt, Latitude. | Longitude. Water | 
| Nicotera BY realy | Medit. Sea |} 38 33 N. 16 30 E * 
IN ieuport Eu. Flanders Germ, Ocean] 51 08 N. 2 50 E. tzh. oom. 
i, Aſia 83325 | Pacif. Ocean | 37 10 N] 122 25 E. | 
Ningpo, or Liampo fAfia [China Pacif, Ocean | 29 58 N.| 120 23 E. | 
I. Nio IkEu. * 6%; | Archipelago 36 48 N. 26 O2 E. 
I. Noel Afia India Indian Ocean] ie 30 S.] 105 25 E. | » 
N. Noir Am. T. del Fuego|Pacif. Ocean | 54 32 8. 73 3 W. 
Norfolk Iſle [Aſia N. Holland |Pacif. Ocean | * 20 2 168 15 E. | 
C. de Non Africaſ Barbary At!, Ocean | 28 04 N 10 32 W | 
[Nombre de Dios Am. Terra Firma|Carribbe. Sea] 9 43 N.] 78 35 W | 
Nootka Sound Am. | | Pacif, Ocean | 49 36 N.] 126 36 W 
INore N Eu. England IR. Thames 51 28 N. o 43 E. [o oo | 
Noriton | Am, | Penfilvania Inland 40 10 N.] 75 17W. 2 30 
KC. North Am. [Terra Firma] Atl. Ocean | 1 45 N.] 49 ov 
C. North Am C. Breton | Atl. Ocean 47 5 N.] G60'8W 7 
C. North Am. |S. Georgia Atl. Ocean JJ 
N. Cape, I. Maggoroe Eu. [Lapland [North Ocean | 71 10 N. 26 o2 E. 3 oo [| 
North Point Eu. Norwa North Ocean | 62 15 N. 615 E. FS 
IE „ _ North Bluff Am. North Main [Hudſon's Str. | 62 30 N.] 70 59 W. | 
Re 1. Nottingham, E. pt. Am. |New Britain Hudſon's Str. | 63 35 N.] 77 48 W. 10 oo 
— 2 om * By. Germany Inland 49 27 N 11 12 E. 
Oaite-Peha Bay Afia Otaheite Pacif. Ocean | 17 46 S.] 149 9 W. | . 
A Afia |Tartary Sea of Ochot. | 59 20 N.] 143 18 W. | | 
Oczakow IEu. Turkey Black Sea 45 12 N 34 40 E. | 
1 Oeland N r ; Fhaltie Sos 56 15 N. is 35 | 
wes N. end EY l 5 17 8 . 1 
Iohamaneno Bay Afia Society Iſles Uliatea 16 46 8. 151 33 W. 11 20 
{ Ohevahoa I. Aſia | Marqueſas |Pacif, Ocean | 9 41 S.| 138 56 W. | 
 HObiteroa 1. Afia | Society Iſles Pacif. Ocean] 22 27 S.] 150 43 W. 
p Jod Head of Kinſale Eu. Ireland Atl. Ocean 51 30 N 8 54W.|- 4 
I. Oleron . Eu. France B. Biſcay 46 03 N 1 20 W. | 
{ Olinde Am. |Brafil S. Atl. Ocean] 8 13 8.] 35 OW. | 
Oliva Eu. {Germany | Baltic Sea 54 20 N. 18 30 E. 5 
fOllone Eu. France B. Biſcay _ | 46 32 N. 1 36 W. 3 45 
Onateayo I. Aſia Marqueſas Pacif. Ocean | 9 58 8. 138 46 W. | 
| Oneglia Eu. Italßß IMMedit. Sea | 43 57 N. 7 52 E. | 
© I. Oonemak Am. For Ifles |Pacif, Ocean | 54 31 N.] 167 26W [| 
O porto Eu. Portugal | Atl, Ocean 41 10 N. 8 22 W | 
Oran Africa Barbary Medit. Sea 35 45 N. o oo 11 
C. Orange Am. Terra Firma Atl. Ocean | 4 27 128 W. 4 
[Orbitello Eu. Italy Medit. Sea 42 30 N.] 12 oo E 1 
I. Orchillo Am. Terra Firma] Carribean Sea 11 32 N.] 65 25 W. 
Orenburg Afſia Aſtracan [Inland 51 46 N.] 55 14 E.“ | 
Orfordneſs Eu. England Germ. Ocean] 52 17 — | 111 4 9 45 | 
q | 2e _ | ; wat 5 F 2 » 
{Orkney Iſles, limits Eu. _ [Scotland | Weſt, Ocean 23 _ N. 3 12 W. 3 oo | | 
New Orleans Am. |Louifiana R. Mifliflipi | 30 oo N.] 389 54 W.. 1 
III. Ormus .. © JAfia Perſia G. Perſia _| '27 30 N. 56 17 R. 1 | 4 
[C. del Oro, or Olerada Africa] Negroland | Atl. Ocean 23 30 N.] 14 31 W. | 
| R. Oronoque Am. [Terra Firma] Atl. Ocean 8 08 N.] 59 S0 W. ; | 
\ Nc. Oropeſo Eu. Spain [Medit. Sea 40 20 N. o 49 E. "of 
 _ HOrotava Africa Canaries Atl. Ocean 28 23 N.] 16 19 W. 1 
[Orſk Afia Tartary Inland 51 12 N.] 58 37 E. 4 | 
e. Ortegal Eu. Spain B. Biſcay 43 47 N.] 7 34 W. "= 
RH Ortona Eu. [Italy , {Medit. Sea 42 19 N.] 14 37 E. 1 
I. Oruba Am. Terra Firma] Caribbean Sea 12 03 N.] 69 O3 W. 4 
| Oſnaburg Iſle Afia Society Iſles |Pacif. Ocean | 22 oo S. 141 34 Wi} 1 
[Oftend _ Eu. Flanders Germ. Ocean] 51 14 N.] 3 oo E.|12 00 it 
e. Otranto Eu. Italy Medit. Sea 40 23 N.] 17 41 E.| | 
| Owharre Bay Afia |Huaheine [Pacif. Ocean | 16 44 S.| 151 3 W. [| 
| Ozaca 4 Afia Japan |Pacif. Ocean | 35 10 N.] 134 05 E 1} 
"t- = 3 ; L | N 7 
e. Padron Africa Congo | Atl, Ocean 6 00 S.] 11 40 E. it 
Padua | way CY Adriatic | 45 22 ws 11 59 E. | 
| CC ²˙¹üÄ ˙ ˙w;ʃ⅝ I ꝛ’õ⏑ ᷣ⁰ r ROTO TT 
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Names of Places. 
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[Paita N 
[C. Paillouri 
| Palermo, I. Sicily 
| Paliakate _ 
| Palliſer's Iles 
| C. Palliſer 
I. Palma 
I. Palimaria 
| Palmerſton's lle 
[C. Palmiras 
IC. Palmas 
+. | Panama 3 
I. Panaria 
W Panorma _ 
| I. Pantalaria 
R. Patuco 
IR. Paraila 
Paris 
| C. Paſſero 
C. Patam 
I. Patmos 
Patrixfiord 
IA. pattahan 
C. Paul 
I. St. Paul 
I. St. Paul 
St. Paul de Leon 
I. Paxeros 
I. Pearl, or Serana 
x Pegu * 
| Pekin | | 
I. Pelugoſa 
II. Pemba 
C. Pembroke 
I. Pengwin 
Penmark 
R. Penobſcot 
$i Pernambuco - 
Petapoli 
I. St. Peter 
F. St. Peter 
St. Peter and Paul 
Peterſburg 
0. Petra 
| Peverel Point 
[Philadelphia 
— 4 Ie. Philip 
I. Pianoſa 
Iſle of Pines 
Pico (Pike) 
GG Pinas 4 | 
Pickerſgills I. 
Pickerſgill's Harb. 


Mo. Pintados, or 


St. Martin 
Piſa 
Piſcadore Iſles 
Pitecairn's Ifles 
_ | Placeatia 
IR. Plata 
R. Platewrack. 
Plymouth 
J Policaſtro 
Is. Polſapate 
2 Poma 


BY, Vor. 3 


Coaſt. 


|Pacif, Ocean | 


4 


4 


Am. Peru 
Eu. | Turkey Archipelago 
Eu. Italy Medit, Sea 
, |Afia India B, Bengal 
Aſia Society Iſles |Pacif, Ocean 
Aſia N. Zealand |Pacif. Ocean 
Africa Canaries Atl. Ocean 
Eu. Italy Medit. Sea 
Afia Society Ifles |Pacif, Ocean |- 
Aſia India B. Bengal 
Africa] Guinea Atl. Ocean | 
Am.- | Mexico Pacif. Ocean 
Eu. Italy Medit. Sea 
Eu. | Turkey Medit. Sea 
Eu. Italy Medit. Sea 
Am Mexico [G. Mexico 
Am. |Brafil Atl. Ocean 
Eu. France R. Seine 
Eu. I Sicily Medit. Sea | 
Afia | Malacca Indian Ocean 
Afia |Natolia _ - | Archipelago 
Eu. Iceland North Ocean 
Aſia I. Sumatra Str. Malacca 
Eu. Spain - | Medit. Sea 
Am. Newfoundl. | B. St. Lawr. 
]Afia | Madagaſcar Indian Ocean 
Eu. France Eng. Channel 
Am. | California |Pacif Ocean 
Am. | Weſt Indies | Atl. Ocean 
Afia {india B. Bengal 
[Alia | China Inland 
IEu. Italy 1Adriatic Sea 
Africa Zanguzbar Iadian Ocean 
Am. New Wales | Hudſon's Bay, 
Am. |N2wfoundl. fAtl. Ocean 
Eu. France B. Biſcay 
Am New Eng. JjAtl, Ocean 
Am. Braſil S Atl. Ocean 
Afia India 3, Bengal 
Am. |Newfoundl!. | Atl. Ocean 
Am. } Martinico }Atl. Ocean 
Aſia |Kamtichat, | Beerings St. 
Ea. | Rutha Baltic Sea 
Aſia |Natolia Archipelago 
Fu. jEngland Eng. Channel 
IAm. {Perfilyania R. Velawar 
[Africa Benguela Atl. Ocean 
Eu. Italy Medit Sea 
[Aſia N. Caledonia Pacif. Ocean 
Eu. Azores Atl. Ccean 
Fu. Spaia B. Biſcay 
Am. S. Georgia | Atl. Ocean 
Afia N. Zealand jLlndian Ocean | 
5 Am. [California Pacif. Ocean 
Eu, Italy Medit. Sea | 
Aſia China Pacif, Ocean 
Am. [Chili Pacif. Ocean 
Am. |Newfoundl. | Atl, Ocean 
Am. [La Plata Atl. Ocean 
Am. [Bahama Iſles Atl. Ocean 
Eu. England Eng. Channel 
Eu. Italy IMNedit. Sea 
Aſia [Cambaya Indian Ocean 
Eu. 8805 Adriat. Sea 
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Latitude. Longitude. n. wa. 
kg ho | 
8 4 "oy 
5 20 8. 80 35 W. | 
39 59N| 2403 k. 
38 10 N 21343 K. 
13 40 N.] 80 50 E. 
15 38 S| 146 25 W. 
41 40 8] 175 28 E. 
28 36 N. 17 45 W. 
41-00 N.] 13 03 E 
18 00 8. 162 52 W N 
20 44 N. 87 O7 E 
4 26 N. 5 56 W | 
45 N.] $80 16W | 
38 40 N. 15 41 E | 
40 05 N. 21 40 E | 
36 55 N.] 12 31 E | 
24 02 N.] 100 13 W 
21 26 8. 39 50 W 
48 50 N 2 25 E 
36 35 N.] 15 22 E | 
7 27 N 101 20 E g 
37 22 N 26 48 E. | 
6g 36-7 a4. 5. | 
0 28 N.] 102 25 E "ny 
37 50 N. o 15 W 4 
47 12 N. 59 59 W. . | 
„ 54 Sf} 77 K. al 
48 41 N. 3 55 W. 4h. oom. 
30 18 N.] 120 45 W To 
14 55 N 79 ooW = | 
17 00 - . 58 | 
5 | 119 29 | 
* — 75 18 32 f 
38 40 09 
63 12 N 82 54 W | 
47 23 N. 56 56W 2 
47 59 N. 20 W 
44 40 N. 68 52 W. 14 
8 30 8 35 07 W. | 
16 14 ch 81 10 Ly | 
6 46 . 6 5 |. | 
= = N. . 16 W ' 
53 1 N.] 158 46 E 
59 56 N.] 30 24 E. 
37 02 N.] 27 38 E. 
50 34 N. 1 22 W | 
39 57 N.] 75 8W. 
12 22 8. 13 20 E 
42 46 N. 30 34 E. 
22 38 8. 167 43 as 
33 29 N. 28 19 W. 
43 51 Nl 6 14W 
54 42 S.| 36 53W | 
45 47 N.] 166 23 E. | 
27 30 N. 217 15 W 
43 43 N 10 17 F. 8 
23 30 N. 119 25 E 
25 2 8 133 21. — 4 
47 15 N.] $343W.| g oo | 
36 00 8. 57 40 W. 
20 04 N. 68 37 W. 1 
50 22 N.] 4 l W. 6 oo | 
40 18 N. 15 45 E. 
9 45 N.| 109 55 E 
42 57 N.] 28 14 Fe] | 
g Pondicherry 
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Names of Places. Cont, | Countries. | Coaſt, Latitude. | 
ws * — | — . ol 4 — 3 * 
1 7 0 9 
vondicherry Aba, lie IB. Bengd | 23.42 M. 
Pontorſon Eu. France Eng. Chan. | 48 33 N. 
Ponoi Eu. {Lapland North Sea 67 5 N. 
II. Ponza Eu. Italy {Medit. Sea 40 53 
a Eu. England Eng. Channel] 51 oo N. 
Porto Port Ika. Portugal Atl. Ocean 41 10 N. 
Port Mahon | Eu, Spain IMedit, Sea 39 51 N. 
Portland Eu. England Eng. Channel] 50 30 N. 
Port VOrient. Ev. {France 5. Biſcaß ] 47 47 N 
Porto Bello Am. New Spain [Carib. Sea 9 33 N. 
Porto Praya Africa C. Verd Atl. Ocean 14 54 N. 
: 8 3 E. point . 8 135 18 35 N | 
122 E Rico [Am. Antilles Ati. Ocean 18 29 N 
(W. point | pF J 28 34/N;| 
Port Royal Am. Jamaica Atl. Ocean | 27 59 N. 
bort Royal Am. |Martinico | A\th. Ocean | 14 36 N. 
I. Porto Santo Africa] Canaries Atl, Ocean | 32 58 N 
KPortcſall | Eu. [France Ing. Channe | 48 36 N. 
> BPortſmouth. R. Aca. Eu. England [Eng. Channel o 48 N. 
I. Portland Eu. Iceland North Sea 3 22 N. 
II. portland Aſia N. Zealand |?acif. Ocean 39 25 N. 
Prague Eu. Bohemia Inland 50 4 N 
P.aken Aſia. Loch. Chi. Indian Ocean} 17 15 N 
Prenau Eu. Lisonia Baltic Sea 58 26 N 
I. Princes Africa Guinea Atl. Ocean | 1 47 N. 
O. Prior Eu. Spein Atl. Ocean 43 29 
| {. Providence Am. jB3ahama Atl. Ocean | 24 51. N 
Fac Gives - $1 | 6 | Jam } 1 6'Þ, 
 VPudyoua on Afia | N.Caledonia|Pacif. Ocean | 20 18 8 
Ar polo Condor Aſia | Cambaya {ndian Ocean |. 8 40 N. 
I. Pyleſtaart Aſia ; Friendly If. [Pacif. Ocean | 22 23 8 
eau . Ivory a Afticz] Zuinea sth. Sea | 5.00 N. 
| Quebec Am. | Janada IX. St. Lawr. | 46 49 N 
Queda Afia | Malaya 3. Bengal ©6 15 
l. Quelpert Aha Torea ”acif., Ocean | 33 32 N 
rue Atricaſ Zanguebar Indian 'Ocea: 9 30 8 
Quimper Eu. "rance | 3, Biſcay 47 58 N. 
TLiaam | Aſia q och. Chi. | ndian 'Ocearf 12 52 N. 
Þ Quiraba Iſles 2 \fric»| Zanguebar [indian Ocean } 11 co N 
© C. Quiros + Aſia | N. Hebrides acif. Ocean 14 56 8 
I Quito . Am. Peru nland 1 343 
3 * 
C. Race Am. | Newfound}, | Atl, Ocean 46 40 N 
Raguſa | Eu, Daimatia\ Medit. Sea 42 45 
Rajapour Afia India Indian Ocearf 17 19 | 
FRamfſgate Eu. England [Downs ] 51 20 N. 
Ramhea⁴ddd ku. England Eng. Channel] 50 19 N. 
e Raſalgate JAſia Arabia indian Ocean] 22 46 N. 
I Ravenna Eu. Italy Medit. Sea 44 26 N. 
- WC. Ray Am. Newfoundl. Atl. Ocean 47 437 N. 
l. Rhee {Eve France 3. Biſcay 46 15 
| Regio - Eu. jItaly Mediterran. ] 38 22 N. 
IC. Reikianeſs Eu. Iceland North Sea 63 55 N. 
[Cape Reſolution Am. N. Main {Hud Straits] 61 29 
Bf Reſolution Bay Aſa |Marqueſas Pacif. Ocean 9 55 8. 
{Reſolution Illand Aſia | Soc. Iſles FPacif. Ocean 17 23 8 
| Reſo'ution Port Aſia N. Hebrides Pacif. Ocean 19 32 8 
a”: Eu. [Livonia Baltic Sea 59 26 N 
| 2 - Rhodes, . | H THE; - % F 
132 ene n Ah 36 27 N 
Se. Tranquil, JAfia }Natolia .- jArchipelago | ; 
1 Sed | on * 35 88 9 
* 1 ah AO TIT IN, EM. A . "rp ; 
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Names of Places, { Cont. } Countries. | | Coaſt, Latitude. | Longitude, H. Water. ; 
— ͤ——„— — — — ; 
| Je: * # $2; 1 $ | 1 
Riga 2 Eu. [Livonia Baltic Sea 36 56 N. 23 44 E. „ A ! 
| Ripraps, a ſand Eu, | England Straits Dover | 51 53 N. 1 25 E. 1 1 
{Robin Hood's Bay Eu. England Germ. Ocean] 54 25 N. o o8 W. zb. oom. 1 
I. Rocca Am. Terra Firma Atl. Ocean 11 21 N. 66 17 W. N 1 
Rochefort Eu. France B. Biſcay . 46 03 N. o 54W.| 4 15 | 1 
Rochel (Eu. France B. Biſcay 46 16 N. 1 5343 45 4 
. Þ Rocheſter Eu. England R. Medway { 51 26 N. o 30 E. o 45 43 
I. Rodrigue Afia | Madagaſcar Indian Ocean 19 41 S.] 63 16 E. | 
c. Romain Am. | Terra Firma At]. Ocean 1140N 69 or W. 
| | Rome | Eu. Italy IMedit. Sea 41 <4 N. 12 34 E. = 
I. Rancadore Am. | Mexico Atl. Ocean 13 30 N 78 534 Wo © 1 
Roos Bay © Eu. Greenland North Ocean | 79 53 Nj 14 o E F 
C. Roque Am. {Braſfil, JAth. Ocean | 5 00 S.] 35 43 W 1 
I. Roquepiz Africa] Madagaſcar Indian Ocean 9 51 8. 64 30 E 1 
G. Reese Eu. Spain Medit. Sea 42 10 N. 3 18 E 1 
Roſtock Eu. Germany Baltic Sea 54 10 N 12 50 E. | 
I. Rotterdam  |Afia Friendly If. |Pacif. Ocean | 20 16 S.] 174 25 W. | 
Rotterdam Eu. D. Neth. [Germ. Ocean | 51 56 N. 4 33 E. 3 oo ft 
Rouen Eu. France R. Seine 49 27 N. * 10 E. 1 15 14 
C. Roxant Eu. Portugal Atl. Ocean 38 45 N. 9 30 W Þ 
C. Rexo | Africa] Negroland Atl. Ocean 11 42 N. 14 33 W. 4 
C. Rozier Am. | Nova Scotia [G. St. Lawr. | 48 55 N] 63 36 W. | 4 
I. Rugen Eu. Germany Baltic Sea | 54 32 NI 14 30 E.| | ; | 
. OO Key, or : Am. Bahama _ [Atl, Ocean 23 00 N.] 74 20W.| - IP N 
amana | | 8 f we | 4 
R. Ruport Am. New Britain |Hudſon's Bay| 51 45 N 78 40 W. 1 
C. Rufato ö Africa Barca Medit. Sea | 32 53 N 20 41 E. f 
IKuſt Iſles Eu. Norway North Sea | 67 40 N.] 10 25 E.“ | 
Rye Eu. England Eng. Channel| 51 03 N. 0 45 E. 11 15 
3 % | \ 0 by. : ; ; 3 
Ie. Sable ö Am. Nova Scotia {Atl. Ocean 43 24 N 65 35 W | 
I. Sable W. end Am. {Nova Scotia Atl. Ocean 44 0g N 60 29 W 4 
I. Saddle back Am. North Main Hudſ. Straits | 62 07 N 68 13 W. 10 00 
Saffia | Africa|Barbary Atl. Ocean 32 30 N 8 50 W | 
I. Safanjal bahr. Africa Egypt Red Sea - 27 05 N. 34 40 E | 
e I. Saintes IkEu. France B. Biſcay 48 5 N] 5 oW 
B. Saldanna Africa Caffres Atl. Ocean 32 35 8 19 30 E 
. Africa C. Verd (Atl. Ocean | 16 38 N 22 51 W 
Salerno Eu. Italy Medit. Sea 40 39 NI 1448 E 
I. Salini, Lipari Iſi. Eu. fltaly Medit. Sea | 38 39 N 15 24 E. 
I. Saliſbury Am. N— Main [Hudſon's Ba; 63 29 N 76 47 W. 
Sallee Fa Africa Barbary Atl. Ocean | 33 58 N 6 20 W. 
8 Solomon Iſles Aſia -|Pacif. Ocean | A. + 8. - 78 . w 
| Salonicha Eu. | Turkey Archipelago 40 41 N.] 23 13 E. 
5 II. Salvages Africa Canaries N. Atl. Ocean 30 oo N 15 49 W. | 
Upper? * „ i N. 66 20 W Y oo 
I Salvages Lot . North Main |Hudf. Straits 62 3a N.] 70 485 W 2 264 
I. Samos Afia - Natolia Archipelago 37 46 N. 27 13 E. YL. 
II. Sambelong Afia India B. Bengal N 93 50 E. ' 
C. Sambrough Am. | Nova Scotia |Atl, Ocean | 44 33 N. 63 20 W. f 
S inganooda Am. |Oonalaſka |Pacif. Ocean 53 54 N] 166 17 W. 
Sandwich IEu. England Downs 51 20 N. 1 20 E. rt 30 
Sandwich Ifland Afia N. Hebrides |Pacif. Ocean | 17 41 S.| 168 38 E. 1 
Sandwich Harbour |Afia |Malicola Ibacif. Ocean | 16 25 S.] 167 58 E. 
Sandwich's Baß [Am. |S. Georgia Atl. Oceaa | 54 42 8. 36 4W. 
I. Sanguin IAſia Philip. Iſles [Pacif.'Ocean } 3 50 N.] 122 30 E. 
I. Sanien Eu. Norway North Ocean] 69 30 N 14 30 E. 
Santa Cruz Africa Barbar _ |Atl. Ocean 30 30 N. 9 35 W. „ 
E N. _ 5 41 15 N. 9 31 E. | | 
= IS. pt. C. Tavo- | | | . ; 
E law - Eu. [Italy INMedit. Sea |. 43] 9.5 Yo BS: - | 
jo? Cagliari 4. | 39 25 N. 9 38 E. F | 
II CoOriſtagni 13 39 53 N. 9 or E. | 
Þ Sarena Am. Chili |[Pacif, Ocean 29 40 S.| 71 15W. N 
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X | Names of Places, E Cont, Countries. | Cost. 5 Latitude. Longitude. e | 
————— — — — = — — — 
8 9 0 7 91 N g 
Saunders Iſle © Am. Sandwich L. Atl. Ocean 38 oo S.| 26 f; W.], 
C. Saunders Am. S. Georgia Atl. Ocean 54 6 8. 36 53 W. 73 
Scanderoon | | Aſia Syria Levant 36 35 N. 36 25 E. ORD  þ 
Scarborough head Eu. | England [Germ. Ocean 54 18 N oo oO zu. 4 fm, 
I. Scarpanto [ Afia Natolia Archipelago 33 45 N.] 27 40 KF. 8 
* * 18 pt. Am. Acadia Weſt Ocean | 46 01 NI G61 57W. * 
| Eu. Denmark Sound 57 34 N.] 10 54 E. | 
"Schelling Eu. D. Neth, [Germ. Ocean 53 27 N. 5 30 E. "ALE 
C. St. Michele CTY 4-1 38 38 N.] 4 26 12 E. 1 
Scio Afia. |[Natolia © [Archipelago 38 24 N.] 26 29 E. $57 
C. Blanco 7 | 1 3 138 os N. 26 20 E. x1 
Scilly Ifles Eu, England © St. Geo. Ch. 50 oo N. 6 45 W. 3 45 
Sevle Hes, Eu. England Germ. Ocean 5 00 N. o 49 E. 6 20 
Scots ent [Am. Terra Firma] Caribbean Sea 3 45 N.] 76 35 W. | 
I. Sea Eu. Turkey Archipelago | 37 38 N 24 53 E. x: 2 
Seames Eu. France B. Biſcay - 48 oo N 4 51 W | 
I. Sebaldes Am. Patagonia S. Atl. Ocean} 50 53 8. 59 35 W N 
C. Sebaſtian Am. California Pacif. Ocean 43 00 16 %% . 0 
C. St. Sebaſtian Africa Madagaſcar Indian Ocean | 12 30 8 46 30 E. 1 
St. Sebaſtian Eu. Spain B. Biſcay 43 16 N „„ + 18: 
Port Segura [Am. |Brafil Atl. Ocean 16 57 S. 39 45 W. 1 
R. Senegal Africa Negroland | Atl. Ocean 15 53 N 16 26 W. 10 30 
I. Seranilha Am. Weſt Indies Atl. Ocean | 16 20 N.] 79 40 W. 5 
- Fi Serdze Kamen Aſia |Iſchutſkit Beering's St. 67 3N} 171 49 W.. 
I. Serigo Eu. Turkey | Archipelago 36 0g N.] 23 24 E. 945 
JSeringapatam Aſia India Caiver 12 32 N. 76 52 E. 
1. Sertes Africa Canaries Atl. Ocean 32 35 N. 16 20 W. "Rl 
R. Seſtos Africa Guinea | Atl, Ocean 5 48 N. 8 13 W. 2 
Seven Capes Africa|Barbaty _ |Medit. Sea 37 30 N. 6 15W . 
Seven Stones, or Ines Eu. [England + St. Geo; Ch. | 50 10 N. 6 40 W. 4 230 
R. Severn, Ent. Eu. England St. Geo. Ch. 51 41 N.] 3 O5 W. 6 o ä 
R. Severn f Am. New Wales | Hudſon's Bay. 56 12 N. 88 gal: 
R. Seyn, Ent. Eu. France Eng. Channel|] 49 36 N o 30 E. 9 oo ff 
| Seynhcad Eu. France Eng. Channel| 49 44 N. „ | 
| ;5heerneſs 3 Ea. [England R. Thames 51 25 N o 50 E. © oo 
Shepherd's Iſles Afia N. Hebrides |Pacif. Ocean | 17 00. 8.] 168 47 k.. | 
4 [Siam Afia India Bay Siam 14 18 N 1co 55 E \ 
I. Siam, Eat. Afia [India Bay Siam 13 15 N. 20047 Ef. 
IsSiara Am. [Brafil | Atl, Ocean 318 S.] 39 50 W. |_ 
; | E. end, Meſſina | E | | 38 10 N 1558 E | We 
* 5 | Caraora. 37 22 N 15 21 E. 3 Il | 
' x Syracuſe | R 1137 04N 15 31 E. |. 
C. Paſſara Eu. [italy  JMcxlit. Sea 36 35 N 15 22 E. | 
] Alicata F-26018: : „ 37 11 N. 14 07 4 es | 
'F — } W. end, C. Bocco| | 3 37 51 N.] 21 43 E. | 
| Palermo 1 | LF 138 10 N.] 13 43 EZ 5 | 
| Sier:a Leona Africa Guinea Atl. Ocean 8 30 N. 12 07W.| 8 15 | 
+ F Sillabar- Road Asa I. Sumatra Iadian Ocean 4 0 8 102 50 E. * | 
Str. EN Afia | Malacca indian Ocean | 1 co oy 2 30 E. „ 
IK. Sinda, or Indus, os | | o N. 3 10 E. It 
1 omouth - * : Afia [india indian Ocean | oy. 2 N 62 40 E. EY i 
Jo. Shabak . Abyſſinia Red Sea 18 58 N.] 38 24 E. = | * 
. kay E Am. Jen Wales Hudſon's Bey 64 eg N. 8a 12 W. if 
Shields Eu. [England Germ. Ocean] 55 02 N. 1 20 W. 4 
Shelvock's Iſle Am. | Zalifornia Pacif. Ocean | 23 15 N.] 117 35W.| | 
{| 5billocks Eu. Ireland Weſt Ocean | 51 30 N 25 os W. Es ©& | 
I. Shetland, limits Eu. Scotland I Weſt. Ocean © bow 4 « 1 22 4 | os | | 
—_— | Eu. England Eng. Channel] 50 55 N ves 17 E.jio 30 | 
| point 30 | 7.50 N 30W.|- '| 
I. Sky E point 5 Eu. Scotland . Weſt. Ocean Y 15 N 6 16 W. 5 30 | | 
Sleepers Iſiles E 3 bo oo N. 2 8. owl '1 
"4 | Am. New Britain | Hudſon's Bay{4 58 35 N. 3 + | 
Great Sleeper. {FE [+ 2 „„ Ns e 82 o. | 
; | Wi 1 
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10 | | | 
Names of Places. | Cont. { Countries. { ' Coaſt, |} Latitude. | Longitude. u wel | 
| 4 9 0 ; 8 05 * A 1 
Sline Head Eu. [Ireland {| Weſt. Ocean 53 20 N. 15 W. 4 
R. Slude Am. New Britain] Hudſon's Bay} 53 24 N. 78 co Wy. A 
| Sluyce Eu. 0, Neth. Germ. Ocean] 51 19 N. 3 50 E. . 
C. Smith Am. |Labradore - | Hadſon's Bay 50 48 N.] 30 55 W. 3 
Smyrna Aſia  |Natolia + {Archipelago 38 28 N. 27 25 y Al. 
I. Socatora Africa Anian Indian Ocean 22 15 N.] 52 5 
C. Solomon Eu. I. Candia | Medit. Sea 34 37 N.] 27 0 K. ; 'Y 
R. Somme Eu. France Eng. Channel! 50 18 N. 1 40 E. 1th oom. 
Sound Royal Eu. Iceland North Ocean 66 22 N. 15 15 W. Pe” 
| Southampton Eu. England Eng. Channel 50 55 N. 1 W. © oo 
[c. Southampton Am. New Wales | Hudſon's Bay 1 54 N.] 36 14 W. ; 
{ South Cape [Aſia Diemen's la. Pacif. Ocean 43 42 S.] 147 03 E. 1 
C. Spartivento Eu. Italy Medit. Sea 37.50 N.] 16 41 — 
* Spartel- _ | Africa|Rarbary {| Atl. Ocean 35 46 N. 5 53 
1. Spirito Sancto jam. Braſil Atl. Ocean 20 24 8. 39 55 W. | * 
| Spurn Eu. {England , | Germ. Ocean} 53 35 N.] 0 30 E.] 5 159  Y” 
I. Stampalia Ada Natolia {Archipelago 36 25 N.] 26 55 Ej 
I. Stancho Aſa |Natolia {Archipelago | 35 50 N.] 27 32 . 1 
Start point Eu. England Eng. Channel| 50 14 N 3 39 W. 6 45 
2 (. * M Tio 145449 s.] ss 35W. 
8 1 1 , O | 
E 8 Am. Patagonia | No cean 255 08 8 60 45 W. — 
Stavenger Eu. Norway I Weſt. Ocean 58 47 N 6 45 E ! 
C. Stephens {Afia N. Zealand Pacif. Ocean | 40 36 8. 174 os ET 
C. Stephens [Am. ö 25 8 Str, 63 33 N.] 162 12 W 5 2 
F. Stephens | Afia N. Holland | Pacif. Ocean 32 45 N. 152 17 E. 1 
I Stetin . Eu. {Germany {Baltic Sea 53 36 N.] ig 25 E. 
C. Stillo Eu. Italy Medit. Sea 38 23 N.] 17 07 E. 
Port Steven [Am. Chili | Pacif. Ocean 46 50 S.] 82 36 W. 
Stockholm Eu. {Sweden Baltic Sea | 59 22 N.] 18 12 E. 
Stockton Eu. England Germ. Ocean] 54 33 N.] 1 16 W. 5 15 
Straelſund Eu. Germany Baltic Sea 54 23 N.] 14 10 E 
Strangford Bay Eu. Ireland Iriſh Sea 54 23 N.] 5 40 W. 10 30 
| l. Stromboli Eu. Italy Medit. Sea 38 42 N. 15 45 RB 
Stromneſs Eu. [Orkneys North Sea 58 56 N. 3 26 W. f 
B. Succeſs [Am. T. del Fuego Atl. Ocean | 54 50 8. 65 2 : 
C. Succeſs am. T. del Fyego| Atl. Ocean 55 1 S.| 65 22 W. : 
Suer Towa Africa Egypt { Red Sea 29 50 N. 34:29. k. 
Sukadand Aſia I. Borneo | Indian Ocean 1 00 4 210 40 E.! . 
I. Sutna- F NW, end : FL Ia | 1 1 55 E k 
3 . 0 An. India - {Indian Ocean : = 8 2 55 E. | 
Sunderland Eu. england 1 Germ. Ocean! 54 55 N. 1 Oo W. $20; 
Str. Sunda { Afia Siam | Indian Ocean] 6 10 * 105 35 E. 3 
Surinam [Am. Terra Firma] Atl. Ocean 6 30 N. 55 30 W. 
Surat Asia {india Indian Ocean 21 10 N.] 72 28 . 
J. Surroy *  }£u, Lapland North Ocean 71 oo N. 22 00 E.j | 
| Swaken | Africa] Abyffinia Red Sea 19 30 N.] 37 38 F. ; 
| wal Road { Afia {India Arabian Sea | 21 55 N.] 72 ao Ef 4 
. {;Swanley. Eu. [Wales St. Geo. Cha. 51 40 N. 4 25 W. ; 
Sweetnoſe Eu. {Lapland North Ocean 68 08 N.] 34 42 E. 4 
Sicilly Iſland {Afia N. Holland | Indian Ocean 43 55 $4 147 13 E. 4 
 {Swin, a ſand Eu. England Ent. Thames 51 37 N. 1 12 E. 12 oo f 
yracuſe Ed. I. Sicily {| Medit. Sea 37 04 N.] 15 31 Eq . | 
JjSyriam * !'Afia |Pegu B Bengal 16 00 N. | 40 E.. 1 
, 5 1 33 j 4 
Tadouſac Fort Am. [Canada IR. St. Lawr. | 48 oo N.] 57 35 W.! 
I. Tamarica Am. Braſil { Atl. Ocean 7 56 S.] 35 Of. | 
Tamarin Town | Africall. Socatora Indian Ocean] 12 30 NJ 53 14 E. 9  ©o 
B. Tanaſſarin Aſia Malacca IB. Bengal 12 oo N.] 98 48 E. 
I. Tandoxima | Afia [Japan { Pacif, Ocean 30 30 N.] 130 40 E. | 
Tangier Africa Barbary | Atl, Ocean { 35 55 N. 5 45 W. | 
i Tanna \Afia N. Hebrides | Pacif. Ocean 19 32 S.j 169 45 E.] 3 0 
Cacukaa Aſia Society Iſles Pacif. Ocean | 14 31 S.] 145 & W. * 
Tarento Eu. Italy Medit, Sea 40 43 N 17 31 E. i 
| Taſman's Head . [Afia N. Holland Indian Ocean] 43 33 S-} 147 36 E 4 
| | | 
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Naines of Places. le Cent.] Countries, | Coat, © 4 Latitude. ewe. 
1 | „ | REO tal ta 
Ie | | | afiice[s. pam au. Ocean | "38 N.] % tw. 
C. Tat'nam - Am. [New Wales Hudſon's Bay| 57. 35 N. 91 30 W.]/ 
R. Tees, — Eu. [England Germ. Ocean 54 3 N. o 52 W.] zh. oom. 
| Tegoantepec | DS< WH Am. Mexico Paecif. Ocean { 14 45 N. | 96 23 W. n i# 
i Tellichery © jAfia India Malabar Coaſt 11 42 N. 75 30 E. 1 
E. Telling — Eu. Ireland Weſt. Ocean 54 40 N. 10 07 W. é {| 
I. Tenedos © Afia |]Natolia © [Archipelago 39-57 N. 26 14 E. ( [| 
1. Teneriff (Peak) | Africa] Canaries Atl. Ocean -| 28 13 N. 16 24 W. 3 0 
c. Tenes Africa Barbary [Medit. Sea | | 36 26 N. "OY 5 OG i 
[I, Tercera | [Eve [Azores Atl. Ocean | 38 45 N.] 27 or W. i 
{Terra Nieva | Am. N. Main Hudſ. Straits | 8 4 N 67 TY 9 0 
KTervere _  _ Eu. D. Neth. [Germ. Ocean] 5tr 38 N. 3 35 Elo 45 
Tetuan Africa Barbar7 {Medit. Sea | 35 27 N. , 59 W. 
I. Texel! | Eu. D. Neth. [Germ. Ocean] 33 10 N.] 4 59 E. / 30 
[C. St. Thadæeus Aſia Siberia [North Ocean | 62 10 NI 175 og E 3 
IR. Thames, mouth Eu. {England Germ. Ocean] 51 28 N.] 1 10 1 30 ff 
C. St. Thomas Africa] Caffres Atl. Ocean 24 54. SP. 15 25 E. "£1" 
I. St. Thomas Africa Guinea Atl. Ocean | oo oo 1 oo E it 
87. Thomas | jAfia India > B. Bengal 1 00 N. 80 oO E N 
St. Thomas [Am. Virgin Iles | Atl, Ocean | 18 22 N.] 64 46 W. | 1 
C. Three Points Am. Terra Firma Atl. Ocean } 10 5r N. 62 41 W. | 
BC. Three Points Africal Guinea Atl. Ocean | 4 48 N. 1 21 W. 1 
South Thule Am. Sandwich la.] Atl. Orean 59 34 S.] 27 45 W.. 
5 1. Tidore Aſia { Molaucca Is. Indian Ocean : 35 N.] 126 40 E. © 
| .— = 14. | 20 S.] 127 40 E. 
ha Timor 1257. 7. Ala ingen Bs, . Ocean Ig 23 8. | — 7 . 
Tinmouth Eu. England Germ. Ocean 55 03 N. 1 17 W. 3 e 
I. Tino Eu. Turkey Archipelago N23 43 E. 5 
1. Tobago [Am. }Caribbee Atl. Ocean 11 15 N. 60 27 W. 
Tobolſki 5 Aſia Siberia Inlanßd 58 12 N.] 68 20 E 
8. Todos Sanctos Am. |Brafil path Ocean 13 05 S.] 38 45 W. 
Tonquin 'tAfia India Pacif. Ocean 200 50 N. 105 55 E. , 
Tonſberg Eu. Norcray Sound 58 50 NF 100g E. 
Topſham 1 Eu. England Eng. Channel| 50 37 N. 3 27 W. 6 oo 
Jrorbay Eu. England [Eng. Channel] 50 34 N 3 36 W. 5 15 
Tornea Eu. Sweden . Bothnia 65 51 N.] 24 16 E. 
IX. Tortoſa Eu. Spain edit. Sea | 40 47 NF 1 03 EE 
BY. Fortola Am. Atl. Ocean {| Atl. Ocean |' 18 24 NF 65 oo W. : 
I. Tory Eu. flreland [Weſt. Ocean | 55 09 N. 30 W. 5 30 
Ir oulon f Eu. France {Medit, Sea 43 07 N. Goa El. - 
[C. Trefalga Eu. [Spain Atl. Ocean 36 08 N 5 58 W. 
I. Tremiti Eu. Italy Medit. Sea - 42 O. N. 15 40 E. 
e. de Tres forcas Africa Barbaryß IMedit. Sea - | 35 30 N.“ »1 W. 
1. Trailles Alia [India Indian Ocean | 19 30 S.] 101 25 E. 
1. Trinity | | Am. Braſil Atl. Ocean 20 25 8. 23 35 W. ; 
1. Frinidada, E. pt. Am. Terra Firma Atl. Ocean 10 38 N. 27 W. | | 
Trinity Bay, Ent. Am. | Newfound). | Atl. Ocean 48 30 NI F2z 45W.f- 
Trieſte {Eu. |Carniola . }Adriat. Sea 44 51 N 14.03 E | 
[Trinquemali | Aſia l. Ceylon Indian Ocean} 8 50 N.] 83 24 E 
| Tripoli Aſia © Syria Levant 34 53 N.] 36 0% EI 
Nrripoly Africa Barbarx Medit. Sea | 32 54 N.] 13 10 E. 1 
8. Trifte | Am. Terra Firma Atl. Ocean | 10 19 N. 6% 4 W. | 
I. Triſtian n Africa} Caffres S. Atl, Ocean] 37 12 Sf 13 23 W. it 
Ic. Tromſound Eu. Lapland North Ocean] 50 20 N 19 oo E. I 
FTruxilla Am. Peru Pacif. Ocean 8 oo S.] 78 35 W i 
runder Eu. Denmark Weſt. Ocean | | 55 00 N. 9 35-E., | 
| unis Africa. Barbary Medit. Sea 36 47 N.] 10 16 E. 1 
Turin © Eu. Italy R. Po 45 o 745E | | 
t Turks Am. Bahama Atl. Ocean 21 18 N.] 71 og W. - it 
urtle Iland Aſia —  Pacif. Ocean 19 49 S.] 177 fa W. $ 
ſchukutſkoi Noſe | Aſia |Kamtſchat, |Beering's Str.} 64 15 N.] 173 26W. | 
[Tyraaw RE | Tikit Laube 1 23 4 17 39 E. | 
Valencia : = * Eu. Spain Medit, Ses | 39 30 N. r 
St. Valery © : 1. France Eng. Channel} 50 11 N. 1 42 ng; 55 320 
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Names of Places. Cont. Countries. | Coaſt, | Latitude, ; i H. Water. 
| 1 4 4 98 e | 
|Valona | Eu. | Turkey ]Medit Sea 40 55 N.] 21 x5 E. 
IValpariſo .. Am. Cn I {Pacif. Ocean 33 2 8. 72 14 W. 1 10 
Van Diemen's land ö Afia N. Holland Indian Ocean | 43. 3¹ 8. 146 27 E n 
Vannes IEA. France IB. Biſcay 47 39 N. 2 41 W. zh. 45m. 
C. Vela Am. [Terra Firma Atl. Ocean | 12 15 N.] 71 20W Fo, 
P. Venus {Afia JOtaheite _ |Pacif. Ocean | 17 29 S.| 149 31 W. 10 38. 
Venice Eu. Italy Medit. Sea J 
Vera Crus Am. , New | in G. Mexico $ 19 I2 N. 5 97 25 W | 
C. Verd Africaſ Negroland At. Ocean | 14 45 N.] 17 28 W/ 
Ufa Eu. [Ruffia {inland _ 54 43 Me]. 55 39: B/. 4 
BE Uhma (Eu. {Sweden | G. Bothnia | 63 45 N. 21 10 E. p 
Vicegapatam 1A 1 B. Bengal ö 17 30 N. 84 O2 E 
c. victory | Am. Patagonia acif. Ocean | 52 15 8.] 74 28 W. 
Vienna Eu. Germany 4 R. Danube , 48 13 N. 16 28 E \ 
| Vigo Eu. {Spain | Atl, Ocean | 42 14 N. 8 23 W. 
| Uliateah Eu. Society Iſles Pacif. Ocean | 16 45 S,| 151 26 W. 
B. St. Vincent Am. Paraguay Atl. Ocean | 23 55 8. 45 11 W. 
c. St. Vincent Eu.  {Portugat . At. Ocean | 37 01 N.] 8 58 W. 
I. St. Vincent | Africa] C. Verd. | Atl. Ocean | 1747 N 24 44W 
I. St. Vincent Am. |Caribbee Alt. Ocean | 13 o5 N.] 61 oN 
R. St. Vincent Africa Guinea IEth Ocean | 4 50 N. 7 41W 
[C. Virgins Am. | Patagonia JAtl. Ocean 52 23 8. 67 50 W 
I. Virgins [Am. Anti. Iſle JAtl. Ocean 18 18 N.] 64 14 W. 
Virgin Rocks Am. Newfoundl. [Atl. Ocean 46 30 N.] 51 30 W. 
| Umba Eu. {|Rufſia Inland 66 40 N. 34 15 E. 
| FC. Volo Eu. [Turkey {Archipelago 39 0% N.] 23 23 E. 
IR. Voltas [Africa] Guinea An. Ocean 18 52 N. 1 10 E 
FC. Voltas Africal Caffres Atl. Ocean 28 0 4 81 16 18 E 
opal Eu. Sweden R. Sala 39 52 N 17 47 E. 
| Uraniberg Eu. Denmark Baltic Sea 5s 54 N.] 12 $7 E. | 
I. Uſhant Eu. France Eng. Channel] 48 30 N. 5 OW. 4 30 
1. Uſtica Eu. Italy IMedit. Sea 38 43 N.] 13 33 E. 
I. Vulcano Eu. }ltaly IMedit. Sea 38 29 N. 15 33 E 
* W. | 4 1 
C. Prince of Wales Am. — Beering's Str. 65 4s N 168 12 W. | 
Prin. Wales's Iſles Aſia New Guinea Endeavour St.] 10 26 8 141 00 E | 
R. Wager Am. New Wales |Hudſon's Bay] 65 28 N. 7 25 W. 6 oo 
RE Wallis's Iſle Afia | |Pacif, Ocean] 13 18 8 176 20 W. 
C. Walſingham Am. New Britain Hudſon's Str 62 39 N.] 77 48 W. 12 oo 
[Wardhus Eu. Lapland North Ocean 70 23 N 51 12 E. | 
| Warſaw Eu. Poland IR. Viſtulaa 52 14 N 71 5 . - 
'Þ& Waterford Eu. Ireland JSt. Geo. Ch. | 52 07 N 7 42 W. 6- 20 
| Watling Iſle Am. Bahama JAth Ocean 23 42 N 4 22 W. | 
[Wells Eu. England Germ. Ocean] 53 07 N 1 O00 E. 6 oo 
Weſtern Iſles Aiia | Diemen's la, Pacif. Ocean } 43 36 8 147 oo E. bats 
| Weſtern { S. point | | 8 56 46 N 7 40 W | 
F ies” I'N, polar En, {| Scotlagd Weſt. Ocean ; 35 N 6 - W. 
ſ. Weſtmania Eu. Iceland Weſt. Ocean 63 55 N. 17 30 W. 
I. Weſtrol Eu. Lapland North Ocean | 69 15 24 oo E. 
| Wexford Eu. {Ireland St. Geo. Ch. | 52 13 N. 6 56W.| 
| Weymouth Eu. {England Eng, Channel} 52 40, N. 2 34 W. 7 20 
| Whale's Back Eu, Iceland Weſt. Ocean 63 44 N.“ 17 O5 W. 
| Whale's Head Eu. Greenland North Ocean] 77 18 N.] 21 30 E. 
| Whale Rock Eu. Azores Atl. Ocean 38 50 N 24 41 W 
[Whitby Eu. England Germ. Ocean] 54 30 o 50 W. 3 oo 
| Whitehaven Eu. England Iriſh Sea 54 25 N 3 15 W 
| Whitſuntide J. Aſia N. Hebrides |Pacif. Ocean 16 44 S.| 168 25 E. 
| Wicklow Eu. Ireland Sr. Geo. Ch, | 52 50 N 6 30 W. 
KWillis's Iſles Am. |S. Georgia jAtl, Ocean 54 00 8. 38 25 W. 
| Windaw Eu. {Courland {Baltic Sea 57 08 N. 2+ 20 E. 
2 * ; 50 28 I 22 
1.2 en . * 0 34 1 10 W. 
[> E. end Ev England Eng. Channel * oy N. 1 oo 
LW. end ö 1 ys 50 41 N 1 23 W. | 
If. Prince William Ai. | Pacif, Ocean | 16 45 S.| 277 55 E. 
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Book VI. 
Names of Places. 2 Countries: 5 Coat. Latitude. Longitude. H. Water. | 
| „„ ; | O . N 
William Henry T. Aſia — Iſles Pacif Ocean | 19 oo S.] 141 6 E + 
Winchelſea | ue {England Eng. Channel] 50 58 NF o 50 E.] oh 45m. 
Wintertoneſs '- Eu. [England Germ. Ocean 53 02 N.] 1 22 E. g oo | 
Wiſbuy in I. Gotland Eu. Sweden Baltic Sea 57 40 NI 19 50 E. ö 
Ic. Wrath | Eu. [Scotland Weſt. Ocean | 58 40 N.] 4 50 E. | 
bout Eu. 6 : has Finland | 60 55 N.] 30 20 E.] 8 
Vamboa | Y 19; Arabia Red Sea | 24 25 N.] 38 54 E. | 
Yarmouth Eu. jEngland - Germ Ocean 52 55 N 4 40 B. 945 i 
Vas de Amber Africa|Zanguebar Indian Ocean| © oo 47 15 E. | 
Yellow River Afia China Pacif. Ocean 34 06 NI 120 10 E.|- | 
Ylo Am. Peru Pacif. Ocean 17 36 8 71 08 W. b 
Cape York Aſia N. Holland {Endeavour St. 10 41 S.| 141 39 E. 
Vork Fort Am, [New Wales |Hudſon's Bay] 57 o N 92 12 W. 9 10 
Vork, New Am. N. England | Atl. Ocean 40 43 N 74 os Wil o 
Y oughall _ * Ireland © St. Geo. Ch. 51 46 * 8 o6W.| 4 30 [It 
Zacatula Am. {Mexico {Pacif. Ocean 17 10 NI 105; oOo W. | 
Zachee Am. Antilles Atl. Ocean 18 24 N. 67 fz W. 7 
I. Zant Eve Italyß Adriatic Sea | 37 50 N.] 21 30 E. * 
I. Zanzebar Africa Zanguebar Indian Ocean 6 55 S.] 40 10 E [ 
Gas: Eu. Dalmatia | |Medit. Sea 44 1 5 N 16 65 Ef | 
4 CNW. point | ' F ; 34 28 8.] 172 44 E. 
UW | 4 
5 | Aſia pacif. Ocean |4 DIY a 
> 18. point | '% Is C47 20 S] 167 50 E. 
Zenan city Ads [Arabia Inland 16 20 N.] 47 44 EI“ 1 
Zuric Sea © * 1 Neth. [Germ. Ocean 95 | 43 00} 
; | | TE | 
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Beſides the times of high-water in the > areas Table, the wins 
times ſerve for coaſts of conſiderable extent, and will ſerve nearly for the 
places on thoſe coaſts. 


Finmark, or NNW. coaſt of 3 th. zo m. . Illes oh. om. 


Frieſland coaſt 7h. 30m. 


Zealand coaſt 1h. 30 m. 


Flanders coaſt oh. om. Picardy and Normandy coaſts 10h, zom. 
Biſcay, Gallician, and Portugal coaſts 3h. oom. 


Iriſh W. coaſt 3h. oom. 
Africa W. coaſt 3h. om. 
America E. cools 4 h. { JAX m. 


* 


Iriſh 8. coalt 5h. 15 m. 
America W. coaſt 3h, om. Ni 
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